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STREET BOXES AND TRANSFORMING 
SUB-STATIONS. 


In many respects the inquiry into the use of street trans- 
forming boxes has been distinctly satisfactory. The decision 
of the Board of Trade may not, however, be a final one : it 
may be even necessary to have a strict legal interpretation of 
what a street box is; but whatever may be the ultimate 
determination, we can rest assured that the Board of Trade 
will—compatible with public interests—see no great hard- 
ships imposed on the electrical industry. The inquiry may 
be taken as another proof of the good feeling that exists 
between the Board of Trade and the electrical industry. 
This Government Department has had to insist on a good 
many precautions which may have been irksome, but after 
the performance of its first great duty—the protection of the 
public—it is ever ready to help the furtherance of electricity. 
No industry has derived greater assistance from a Govern- 
ment department than the electrical industry has received at 
the hands of the Board of Trade. 

Indeed, we may now look upon the Board of Trade as the 
patron of electricity, and so long as there is a desire on the 
part of electrical men to carry out their schemes without 
endangering public convenience, this Department will be 
found a willing coadjutor. 

The principle which the Board of Trade was called upon 
to enunciate at the recent inquiry was of vast importance to 
electric lighting. Under the usual form of Provisional 
Order street boxes were, with certain restrictions, permitted 
in the public roadways. The question put in the form of a 
Xmas conundrum became, “when was a street box not a 
street box.” The County Council said when it became a 
transforming sub-station. Now, the transforming sub-station, 
to use the inelegant but comprehensive phrase, has become 
part and parcel of all systems of alternating current distri- 
bution; it has been slowly evolved from former trans- 
forming methods, until it stands alone as the only practi- 
cable and economical method of dealing with an alternating 
current supply. The ability to use space under the streets 
for this purpose was of great importance to electrical com- 
panies ; indeed, it is this alone which has made the sub- 
station possible. The County Council, however, sought to 
restrict the use of the streets for transforming purposes on 
various grounds ; they held that it was dangerous to the 
public, and they maintained that it menaced their rights as 
guardians of the public highways. We are inclined to think 
that the latter was the determining cause of the appeal to the 
Board of Trade. The action of the County Council was 
based on eminently reasonable grounds, but there was a 
distinct weakness in the logical sequence of their 
arguments. The strongest point brought out by Mr. 
Bassett Hopkins on behalf of the County Council was that 
of interference with the public roadways in such a manner 
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that existing gas and water pipes might be injured, and the 
surface of the roads constantly meddled witb. 

It must be conceded that an undue multiplication of sub- 
stations might cause a good deal of inconvenience to the 
public, and might be harassing in other ways; but with a 
restricted use in fairly populous neighbourhoods, we cannot 
see that underground chambers would seriously militate 
against any interests. At any rate we cannot conceive 
of an electric lighting company provoking animosity 
by interfering with the rights and convenience of the 
public, and were they so disposed, we venture to think 
that the Board of Trade would have something to say on 
the matter. 

There is no doubt that the County Council relied a good 
deal on the alleged danger to the public, Mr. Bassett 
Hopkins, dilating somewhat largely upon this phase of the 
question; but we really cannot accept their arguments 
seriously. If, as the County Council contended, there was 
danger in the streets from transformer sub-stutions, how 
much greater the danger when placed in the basement of 
houses? Besides, as the County of London Company main- 
tained, if their transformers happened to be in the basement 
of a house which was destroyed by fire, it would be within 
the bounds of possibility for a whole district to be plunged 
into darkness. Wherever the most suitable place for trans- 
former sub-stations, the basement or cellar of a house is 
the most unfit. It is needless to speak of the difficulties 
there might be in obtaining cellars on private property, or the 
heavy rents that might be demanded. It would be, obviously, 
imposing a serious hardship on companies if they were to pay 
exorbitant sums for the exercise of a function which can be 
readily and safely accomplished in the street. 

Considering all things, the decision of the Board of Trade, 
as foreshadowed by Sir Courtenay Boyle, that the elcctric 
lighting companies be allowed to build sub-stations under 
roadways, is a fair and common-sense interpretation of the 
clause in the provisional order. The County Council may not 
be at one with us, and, likely enough, they may have recourse 
to legal process, but we do not think that any judge would 
be inclined to depart from Sir Courtenay Boyle’s rendering 
of the clause. 


THE EDUCATION OF THE ELECTRICAL 
ENGINEER. 


ALTHOUGH this important subject has been frequently dis- 
cussed, yet by no means the last word has been said about it. 
We are glad, therefore, to see a contribution on the subject 
in our trans-Atlantic contemporary, the Llectrical Engineer, 
which gives a very fair exposition, we take it, of the Amcrican 
view of the question. The writer yoints out that there are 
two diametrically-opposed views on this question. “One 
class, looking forward, insist upon the inculcation of general 
principles, leaving the filling in of specific details to be 
dictated by the necessities of the work finally engaged in. 
Another clase, dwelling on the demands of the specific work, 
insist that the training in general principles be strongly 
supplemented by careful attention to specific details.” 

Much of this divergence of opinion, we think, arises from 
leaving out of account one important factor in all educa- 


tion, the person to be educated. The same course of education 
will not be the best in every case. That a liberal education 
in principles is best adapted to produce the first class elec- 
trical engineer we have no doubt. A man, who has learned 
at the university the art of learning, when he comes into the 
factory, will rapidly assimilate the details of any special 
branch of his professicn, and will, moreover, have such a 
grasp of the principles as will enable him with ease to cope 
with new situations when they arise. On the other hand, there 
are many who enter the electrical engineering profession who 
have not the time or the means of obtaining the best mathe- 
matical, physical, and chemical education attainable at the 
universities and technical schools. Even these, however, 
had better devote their limited time to a thorough study of 
as much as they can learn of the fundamental sciences of 
electrotechnics. Special technical training frequently turns 
out, in after life, to have been only so much misdirected effort. 

It has been a favourite notion with many authorities that 
the education of the electrical engineer should be nine-tenths 
mechanical. The writer in our contemporary is of opinion that 
the day for this kind of training is past. ‘The mechanical 
proportions and relations in the design of electrical apparatus 
have reached a point of somewhat general agreement. The 
mechanical considerations in electrical design are now rather 
secondary to the electrical conditions in a given device.” 
Doubtless there is a good deal to be said for this view. 
The improvements to be made in dynamos and other parts 
of electric installations will certainly in the future be more 
in the electrical than the mechanical part of their design. 

It is also the opinion of this writer that in electrical colleges 
the chemistry, physics, and mathematics should be taught by 
men who themselves have first been trained for the electrical 
engineering profession, and subsequently specialised in their 
respective branches. With this, as a general principle, we 
do not agree. It would be much easier for a thoroughly 
accomplished mathematician to discover what part of mathe- 
matics is best adapted for the electrical student, than for the 
professional electrical engineer to acquire such a knowledge 
of mathematics as would be required by his most advanced 
students. Our own advice to the coming electrician is, 
generalise in the schools and specialise in the factory. 


id Nid WE have frequently alluded to experi- 
Magnetism on ments which lave been made with mag- 
Germination. ~ netism on the germination of seeds, and 

have often regretted that accounts of such investigation 
which have been available have not contained quantitative 
data as to the strength of the magnetic field, &c. Had such 
data been given it might have becn possible to account for 
the conflicting results which different observers have obtained 
when experimenting with the same seeds. In Malpighia vii. 
(1894), jp. 470—482, there is an account of some recent 
researches by G. Tolomei on the «ffects of magnetism on the 
germination of Phaseolus vulgaris. We found that a mag- 
netic field of fecble intensity had no appreciable cffect on the 
germination of the seeds, whilst a field of greater intensity 
caused more or less increased rapidity of growth in propor- 
tion to the proximity of the growing sceds to the point of 
greatest magnetic intensity. Young plants he found to be dia- 
magnetic. We are sufficiently grateful for such distinctions 
as feeble, greater, and greatest intensity ; but when will these 
gentlemen, who are so interested in the cffect of magnetism 
and electricity in plant life, be kind enough to accompany 
their results with quantitative data which may be made to 
convey something like an accurate notion of the conditions 
of experiment ? 
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PRESENT AND PROSPECTIVE DEVELOP- 
MENT OF ELECTRIC TRAMWAYS.* 


(Concluded from page 705.) 


Cars and their Equipments.—In the old horse car servica 
the standard length of car body was 14 to 16 feet, and in 
open cars seven or eight benches. The added service done 
by the large electric roads brought about an increase in the 
length of cars, particularly in the closed cars. This was 
carried to an extreme, by increasing the length of the cars 
to 26 and 28-feet body, with double truck. We have had a 
reaction on that length, and we believe the best standard of 


. ear for heavy city traffic, and the one which will give the 


least wear and tear on the road bed, and also will enable the 
use of higher speed on suburban lines, is a car body from 20 
to 24 feet in length—21 or 22 feet being the most desirable 
standard—and mounted on double trucks, with maximum 
traction on the driving wheels. Such a car body, with wide 
platforms—4 to 44 feet—with entrances on one side, with 
wide double doors, fills best, we believe, the general require- 
ments of such a service. There is a strong objection to the 
use of 19 or 20 feet car bodies on a single truck, with a 6} 
to 7 feet wheel base, as has been done in a number of cases. 
There can be only one result from such an equipment, and 
that is a rapid destruction of the car body, and also the track. 
This pounding or destruction of the track on these single 
trucks has to a considerable extent been due to the weight of 
the cast-iron motors and their rigid mounting on the car 
axle. This difficulty has been greatly lessened by the intro- 
duction of steel motors of about half the weight, and the 
supporting of them by springs. 

Open cars may be treated in a similar manner. Generally 
these open cars are used on a single truck; but if of exces- 
sive length, a double truck should be used. The trucks 
generally used we have partially treated of in describing the 
car bodies. To a car body 17 or 18 feet in length, a 4-wheel 
truck with a wheel base 64 to 7 feet, increased as much as 
the curves which exist on the line will permit, is the stan- 
dard where that length of car body is used. The general 
diameter of the wheels now used is about 33 inches, and we 
have many forms of heavy-built forged frames or steel pressed 
frames, with every possible arrangement of the spring base 
which can be devised to overcome the natural tendency of 
the car body to teetering when partly filled with an un- 
equally distributed load of passengers. 

Motor EKquipments.—The improvement in motors during 
the past seven years, since their first introduction, has been 
marvellous. The old 74 or 10 horse-power motor was a 
thing of pity, poor in its design both mechanically and elec- 
trically, and a continual worry and trouble to keep it in 
operation and service, the fields and armatures burning out 
every day, and the repair account on them running from 3 
to 6 cents per car mile operated. Now, if we turn to the 
present type of ironclad slotted armatures and waterproof 
motors, with normal horse-power capacity, in the general 
type of motors of 25 horse-power, making equipment per car 
50 horse-power, and built for any speed which is practicable 
on the service for which they are to be used, with a depre- 
ciation, wear and tear, less than almost any other type of 
power machinery, we have, it seems, attained a commercial 
stage and development in this motor which it will be hard to 
excel. These motors are now equal to almost anything to 
which they may be put. Their capacity, economy, and power 
are brought to a high stage of development, and their 
economical controlling and handling is managed by a con- 
troller stand which gives various combinations and arrange- 
ments of the motor fields and armature, which gives us 
complete control over the current under different conditions 
of service, and gives us an economy in current consumption 
which is away beyond the expectations of a few years ago. 

Power House-——From the mechanical engineer’s stand- 
point, probably the most interesting part of the equipment 
of the electric tramway is the power house, and therefore we 
will try to give you a more careful and detailed description 
of its present development and arrangement. The one cen- 
tral idea of electrical engineers, in the early electric light and 
power station work, was to have them located in the centre 
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of the system, regardless of all other local conditions and 
requirements. Experience has shown us, in the broad _treat- 
ment from an electrical and mechanical engineer’s standpoint, 
that we want to take into careful consideration not only the 
electrical requirements as to the distribution of power, but 
also the possibilities of economical generation of that power 
from a steam engineering standpoint; therefore we give 
careful consideration at present to this matter. The general 
requirements are that a power station of any size or capacity 
should be so located as to generate, under the most econo- 
mical conditions, the power which is to be used in the utili- 
sation of electricity, and the location to be such that the 
obtaining and handling of coal and water shall be at the 
lowest obtainable net cost. The capacity of the station 
should take into consideration the present requirements and 
immediate future expectations as far as can be foreseen, and as 
far as the resources of the company will permit on a commer- 
cial scale, and without depending too much on future prosperity. 

The general basis of calculation of the horse-power re- 
quired for a tramway system must take into consideration 
the local conditions of service, grades, curves, &c., but, in 
general, 15 to 25 horse-power per car equipment in use on 
the road is the general limit of a well-designed station, which 
will take into consideration the conditions for the continuous 
service and operation of the plant. A road of 100 cars 
would therefore require about 2,000 horse-power, which 
horse-power should be divided into, say, four units of 500 
horse-power each. The number of units in any station 
should be the fewest number which will give a safe and 
economical division of the units, and in a station of this 
kind four or five units, according to the service and condi- 
tions, should be the standard. In the past we have had to 
be guided largely by the capacity and size of generators it 
was possible to obtain, but this question is now eliminated, 
and any capacity of generator which the engineer may call 
for and feel necessary to meet the needs of his case, can be 
contracted for and built with a surety of success. Gene- 
rators are now being built in this country up to 5,000 horse- 
power each, The general arrangement and character of 
power station building required for power plant is a well 
designed one-storey fireproof iron, brick, and stone structure, 
with trussed roof, travelling power crane in engine room, and 
convenient for the handling of coal, ashes, &c. which it may 
be possible to obtain. The method of connecting up the 
engine and generators in the early types of small generators 
was to belt them to small automatic engines, or else by 
countershafting. Both methods have their advantages and 
disadvantages. At present the tendency is large generators 
directly connected to the engine, whether automatic or Corliss, 
high, slow, or intermediate speed, such connection being 
made either by direct belting or directly mounting the gene- 
rator on the engine shaft. The type of engine to be used on 
this service we have found must be equal in its requirements 
to that of rolling-mill service, capable of standing the 
heaviest strains in the variation of the load, and also to give 
desirable closeness in regulation under these heavy changes, 
in order that our generators may be balanced with one 
another. There is probably no service which has done more 
to develop the steam engine in the last few years than rail- 
way and power service. The Corliss engine is being better 
and more heavily built, and being made to regulate more 
closely than it did in the past. The automatic or high speed 
engine has been developed from a light, unmechanical single 
valve engine to a heavy, substantially built double valve 
engine giving good regulation and good service up to certain 
sizes; and for our larger units, we believe the alternate type 
will be an engine combining the advantages and uses of 
an automatic and Corliss engine, combining the advantages 
of both, and trying to avoid the disadvantages. Such an 
engine for general requirements we believe will preferably be 
a vertical, it giving better economy of space in large plants. 
As to the number of cylinders to be used in engines, it is 
generally acknowledged to-day that compound engines give 
the best results on railway work. ‘Triple expansion, on 
account of the wide variation of load, have been found to be 
undesirable, and therefore cross or tandem condensing or non- 
condensing—preferably the former—are the standard to-day. 

In boilers we have a wide range in style, size and capacity. 
The plain oid horizontal return tubular, 16 or 17 feet long, 
with 34 or 4-inch tubes, is still filling general requirements 
in a large number of cases in a satisfactory manner, where 
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real estate has not to be purchased at an excessive cost, and 
where the steam pressure does not exceed 125 lbs. Such a 
boiler, made with good material, with a butt strap joint, 
gives us good service. Where the conditions are such that 
we require water-tube or sectional boilers, we have a large 
variety to select from, many of them meeting our require- 
ments, and giving good service ; but a number of them we 
find are giving a good deal of trouble and bother in their 
care and maintenance, and also in not giving good dry 
steam. 

The generators, as we have indicated, have been developed 
from small units to any size machine desired, and we have 
now a machine which, in its economy, durability, regulation, 
&c., cannot be excelled. A well built machine, with slotted 
armature, large commutator, carbon brushes, slow speed, and 
self-oiling bearings, requires a minimum of attendance to its 
good working. These are built for direct belting for a slow 
speed, or direct connection for the various types of engines 
operating from 75 to 150 revolutions, according to the size 
of the units or type of engine to which it is to be connected, 
and they are being built from 100 to 1,500 kilowatts 
capacity. 

Car house.—A well built and well designed car house is of 
as much importance to such a system as its power house. 
Such a car house should be built to obtain minimum hand- 
ling of cars, and afford good facilities for the care and repair 
of the cars in regular service, and also to give a storage 
capacity for the cars which are not in regular service. Such 
a car honse should be a fire-proof structure in every respcct, 
and afford ready access and egress for the cars. The general 
form of the structure, whether one or two storey, must be in 
accordance with the general conditions and requirements of 
each case, and be equipped with repair shops and repair pits, 
as well as paint shop, &c. 

Operating Expenses and Cost of Equipment.—The old 
horse car road in large cities operated at a total cost of from 
18 to 25 cents per car mile. One car mile is taken as the 
standard for operating expenses in our tramway service. The 
heaviest item in this operating expense was the question of 
eee is, the care and maintenance of the horses, their 
eeding, and the depreciation of the same. The average life 
of a horse on a well operated tramway road is five to six 
years, and the number of horses required per car from eight 
to eleven, according to conditions and requirements. The 
cost of this power service was from 8 to 11 cents per car 
mile. This is where the electric road has made its heaviest 
gains in the reduction of operating expenses. This item is 
reduced in power surface to-day to a cost, under general con- 
ditions, ranging from 1 to 1} cents per car mile. Is not this 
a marvellous gain in a few years, and does it not indicate and 
show the possibilites of the introduction of this power on 
this service? The relative proportion of operating expenses 
to earnings in the horse railway service was from 70 to 80 
per cent. operating expenses to gross earnings. In electric 
service we have a considerable increase in our gross earnings 
over our old horse line, which increase runs from 25 to 50, 
and even 100 per cent. in some cases, and the operating ex- 
penses being 40 to 60 per cent. of the gross earnings. In 
this operating expense we include all the operating expenses 
of the road other than the fixed charges. 

The cost of building and equipping an electric road is con- 
siderable. The last year or two hax reduced this item to a 
considerable extent, especially on the electrical equipment, 
and has not only reduced the cost, but shows a great deal 
better equipment, and one which is going to show a much 
smaller depreciation than we had a few years ago. The 
standard price four years ago for an equipment of two 15- 
horse-power motors and the installation of them was $3,000 
to $3,500. The price to-day for two 25-horse-power motors, 
which are much more superior to the former ones, is under 
$1,000. This gives us a total cost of a motor car, including 
car body, truck, motors, &c., of approximately $2,200. A 
single line of road-bed construction, with 90 lbs. girder rail, 
exclusive of any new pavement, but including taking up of 
the old track and replacing of old pavement, about $7,500 
per mile of single track, This makes no allowance for special 
work. Overhead line construction for one mile of double 
track, with iron poles, feeders, &c., $4,000 to $5,000 per 
mile ; with wooden poles, about $3,000 or $4,000 per mile. 
Steam and electric plant for direct-connected vertical com- 
pound condensing plant—for steam plant, $50 to $55 per 


horse-power, and the electrical, $20 to $25 per horse-power, 
making a total for steam and electric plant, $70 to $80 per 
horse-power. As a general summary, we have for the total 
cost of the equipment of the electric tram road—that is, the 
rebuilding of an old horse road—including power plant 
complete, buildings, car house, cars, equipment, track, and 
overhead construction, $20,000 to $25,000 per mile of single 
track, according to the varying conditions and requirements 
of different cases. 

Conclusion.—Without going to extremes, I believe we may 
safely say that the electric tramways have more than met all 
the requirements, expectations, and agreements of even the 
most enthusiastic advocate during their early introduction, 
and when we look around us to-day, and see the universal - 
introduction which they have met with in this country, and 
are now meeting with in all parts of the world, we can in a 
measure appreciate what has been done in this matter. 

As to the future and the future possibilities of the tramway, 
not only for city and suburban traffic, but also to enter into 
competition for a large share of the steam railway service, it 
will see the introduction of electricity for many purposes and 
uses in this field. The limit of speed and power obtainable 
is only limited by the conditions and local requirements of 
this service. Theoretically, any speed is possible which is 
desirable to be obtained on any service, and the only limits 
are the resistance of the wind or air. As to the exact line 
which this development is going to take, it is hard to deter- 
mine ; but we believe for a number of years to come it will 
be a continuance of the present lines, with improvements in 
the general detail of construction. 

The storage battery we have left out of consideration 
entirely, and we do not believe it is in a state that it needs 
to be considered commercially as yet. 

Upto the present time in this service our development has 
been with direct or continuouscurrent. There is no question 
but that, with the large improvements and modifications 
which are being made in alternating current apparatus, we 
may expect its introduction on the tramway service, especially 
for long-distance work. 

In all this work the mechanical engineer has played, and 
will play, an important part, and the combined mechanical 
and electrical engineer is going to be, and has been, largely 
identified with the development of this line of work. 


THE CAUSE OF THE CANNON STREET 
EXPLOSIONS OF NOVEMBER 10th. 


By J. ENRIGHT. 


A PERUSAL of the evidence given at the inquiry, presided 
over by Major Cardew, into the circumstances attending 
these explosions, suggested the possibility of some gas other 
than coal gas being the explosive, and it occurred to me that 
the heat of the conductors might distil off from the material 
used to insulate them an explosive compound of some sort. 

In order to ascertain whether or not this was the case, I 
cut up a piece of insulated stranded cable into lengths of 
about 1 inch, placed a number of them in a small flask and 
heated it in a Bunsen flame. Almost immediately a dark 
heavy vapour appeared to rise from the pieces, and soon 
filled the flask. On applying a light to its mouth, a heavy 
yellow flame, terminating in black smoke, arose. Every 
insulating material at hand, including vulcanite and paper, 
on being treated in the same way, yielded a combustible, and 
therefore an explosive vapour or gas. The temperature at 
which this production of explosive compound occurred was 
approximately fixed at between 300° and 400° C., by the fact 
that a vessel containing insulating material, and fixed ina 
bath of molten lead containing portions of unmelted lead was 
in ashort time filled with a vapour which burned at the mouth 
of the vessel on applying a light. 

I shall now briefly review the facts disclosed at the inquiry. 
In the first place several witnesses were distinctly asked if 
they smelt coal-gas, and each gave a reply in the negative. 
The testimony of the chief inspector of the gas company, 
who made careful tests for coal-gas in the vicinity of the 
explosions immediately after their occurrence, as well as on 
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the following day, is to the same effect, and to this must be 
added the evidence of the analyst, Mr. Wagner, who ex- 
amined samples of air taken from the box in which one of 
the explosions occurred, and found no trace of coal-gas. The 
fact that Mr. Wagner took his specimen some nine days after 
the explosion does not lessen the value of his evidence, 
because it shows that the soil in the locality was not suffused 
with coal-gas, as might have been suspected. 

But though nobody smelt coal-gas, many smelt India- 
rubber and tar. Freeman, an employé of Mr. Withers, smelt 
burnt India-rubber before the explosion. Mr. Withers him- 
self smelt tar, and stated at the inquiry that his workpeople 
in the basement smelt burning tar and India-rubber for one 
hour before the explosions. Now, I suggest that an explo- 
sive gas was being distilled off from the insulating substances 
by the heated conductors during this period, and the hissing 
and rumbling sounds heard by some distinctly support this 
view. When sufficient gas had been produced to form with 
the limited supply of air in the culverts and boxes an explo- 
sive mixture, it was fired by an arc or an incandescent con- 
ductor. 

Again, distinctly supporting, as I believe, the explanation 
of these explosions which I am urging is the evidence of 
Sergeant Cooper, who declared he saw dense smoke rising 
from the street box ; of Alfred Neal, who saw smoke coming 
out of a hole in the pavement ; of Constable Bradley, who 
saw dense columns of smoke and a flame two yards high; 
and of Hutchins, who also saw dense smoke. A coal-gas 
explosion does not give rise to dense smoke. 


THE APPLICATION OF FUEL OIL TO 
STEAM GENERATORS. 


Electrical Engineering recently contained an article on 
the above from the pen of Mr. O. O. Billow, who has for 
some time given attention to liquid fuel. He holds 
that as a fuel must only command such a price as is 
proper to its calorific power, it need not be feared that 
oil fuel will rise in price under an increased demand, beyond 
such as will still enable it to compete with coal, and, there- 
fore, where oil is required to be used, it is quite safe to 
undertake the work necessary to use it with best economy. 
Originally oil burners were crude, and the results 
obtained were poor. Liquid fuel cannot be simply 
pitched into a furnace anyway. The furnace must be pre- 
pared for the fuel, and the fuel must be properly supplied 
to the furnace to secure economy. Now, we observe in the 
furnaces illustrated in the article under review, that there is 
a large amount of firebrick in the furnaces for oil combus- 
tion. A reasonable care is taken to maintain the burning oil 
in a refractory surrounding for some time before it is allowed to 
be cooled off by the boiler, and it occurs to us to say that were 
the same precautions taken with solid fuel, we should secure 
the same perfect combustion and economy. Solid fuel has 
so long held the field, that when it has been at last attempted 
to use liquid fuel, it has been found needful to apply it 
scientifically. Just as gas has for a century been burned in 
crude burners, and has only recently been provided with in- 
candescent mantles, &c., because of the advent of the 
superior electric lamp, so coal, in the absence of other fuels, 
has been burned in the cradest of furnaces with a total dis- 
regard of the principles of combustion, and if oil does 
nothing else for us, we shall perhaps owe to it that coal will 
in future be more scientifically consumed without needless 
waste or smoke. Mr. Billow gives three analyses of fuels, 
viz., of anthracite, of bituminous coal, and of oil, as 
follows :— 


Anthracite :— 
Carbon .., 93 per cent. 
Bituminous coal :— 
Carbon ... “ts 85 per cent. 
Ash and moisture... iox 
Fuel oil of specific gravity, 0°831 at 83° F. :— 
Carbon... ... 84°07 per cent. 
15" 


Taking carbon to yield 14,544 heat units, and hydrogen 
62,032 units when completely oxidised, we have the follow- 
ing theoretical power :— 


Anthracite coal... awe 13,526 units. 


He considers that these three fuels, when burned, can soon 
be made to yield 60, 55, and 77 per cent. of the above. The 
practical ratios would thus be 81, 85, and 166, and it has 
been found, indeed, in English practice, that liquid fuel is 
about equal to double its weight of coal. 

With these ratios and the value in the market, it can soon 
be determined which is the cheaper fuel to use, and, granting 
a case for oil, it is shown how the furnace should be prepared 
to use it. 

It is a mistake, when vapourising oil by a steam jet, to 
allow the heavy draught produced to run unchecked. It 
should be checked and baffled, as it is really forced un- 
naturally. 

For this purpose, in an ordinary cylindrical underfired 
boiler, only a definite quantity of air is admitted by the 
ashpit door. The grate is lowered 10 inches, and upon it is 
built a series of brick flues drawing air from the ashpit, and 
delivering it just under the oil blower, near the furnace front, 
in a heated condition, having absorbed heat in passing 
through the above flues, which are kept hot by the furnace 
above. In place of the usual bridge is a cellular bridge of 
firebrick, against which the oil injector is directed. This 
affords an incandescent surface for large drops to settle on 
and be evaporated, and also as a check on the violent draught. 
Beyond this cellular bridge the flue bottom slopes downwards, 
and at the back of the boiler is a hanging bridge, which forms 
another check, and through which, if it needs it, a further 
supply of air is admitted before the gases turn up through 
the tubes, there being the space of the back down take in 
which further combustion can take place. Observe here a 
firebrick floor, or grate surface, a short arch of brick over the 
sprayer, the cellular bridge, the hanging brick bridge, 
and the brick sloping floor inclined behind the bridge; also 
a limited supply of air, and that hot. On the whole steam 
is to be preferred to air as the atomising agency, and about 
31 per cent. of the boiler’s steam production goes at the 
atomiser. Mr. Billow very properly disbelieves the idea of 
Admiral Selwyn that the hydrogen of the steam used acts as a 
fuel. Of course, this is impossible, but at the same time there 
appears to be some grounds to believe that steam has a bene- 
ficial action in a furnace, probably acting in some way as a 
carrier in promoting chemical reaction, like the nitric oxide 
in the leaden chamber of the acid factory. It is observed 
that there is no direct ratio between the oil atomised and the 
weight of steam used to atomise it, and each change of steam 
pressure requires to be met by a readjustment of the steam 
and oil valves. Hence the failure of automatic devices for 
regulation, for there is no regular ratio to go upon. 

For water-tube boilers the same kind of grate is employed, 
but the bridge is hollowed out into a considerable concavity, 
and the upper part brought well forward to throw the flames 
amongst the first section of the water tubes. The oil sprayer 
points to about the middle of the length of the grate, thence 
the flame shoots forwards against the concavity of the bridge, 
where it meets with more air through a hollow or passage in 
the brickwork, and the high front between the injector and 
the lower row of tubes becomes the combustion chamber, it 
being essential to have a large chamber in which combustion 
may complete itself before it enters the cool tube space. 
Several other furnaces are described, but they are not of 
special interest to English readers, except that of the loco- 
motive, which shows a firebox deprived of its grate, and with 
ash pan lined with firebrick. ii is blown in just above the 
bottom ring, and against a brick-lined tube plate with a 
massive brick arch, which is also carried down the firebox 
sides. In this firebox there is much more brick than in 
Holden’s compound system, and such a lined furnace should 
do well with solid fuel. Locomotives have been little or not 
at all fitted to use oil in America, though they are now fairly 
numerous in England, in Russia, and in South America. _ 

Considering that America is the home of petroleum, this 
would appear strange if we did not recollect that American 
oil is controlled entirely by a gigantic monopoly, the Stan- 
dard Oil Company, who fix the price of oil, regulate its pro- 
duction, and ruin all competitors. It is, therefore, scarcely 
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likely that the railways of America will put themselves under 
the heel of the Standard Oil Company. That oil is perfectly 
suited to locomotive work anyone who has travelled on one of 
Mr. Holden’s engines cannot fail to admit. We have done 
so ourselves, and have rarely seen anything better to regulate 
or more efficient, the steam, which was not blowing off at 
Liverpool Street, beginning to blow at the safety valve before 
we had climbed the hill to Bethnal Green with 18 coaches of 
the Cambridge express. 

In some tests made in Peru between coal and oil over a 
period of six months, the average train mile consumption of 
coal was 79°3 lbs. of coal, while in a sister engine with oil 
only, 33°55 lbs. of oil were used, being 42°3 per cent. of the 
weight of coal. Applying these figures to American engines, 
Mr. Billow finds that 846 lbs. of oil will do the work of 
2,000 lbs. of coal. He quotes the case of a stationary 
“locomotive boiler,” which for two months gave an evapora- 
tion of 16°45 from and at 212° per pound of Lima oil. In 
this boiler the oil was put in at the opposite end of the fire- 
box, and the firebrick arch also was reversed, while natural 
draught was relied on to draw the flames through the tubes. 
Similarly on a tug, where coal cost $12 a day, oil fuel cost $9 
only, and makes no smoke. 

All writers who write up the merits of oil lay stress on this 
smokelessness, and lapse into beautiful prophesies of the 
future as created by oil. Now there is just no ground’ for 
all this visionary writing. Mr. Billow himself admits a coal 
consumption of no less than 500,000,000 tons per annum, 
while of oil, the entire production if reduced to coal basis is 
only equivalent to 15,000,000 tons of coal per annum. Oil can, 
therefore, not supersede coal, nor can it, therefore, put an end 
to smoke, Oil is a smoky fuel unless burned in a suitable 
furnace. Coal has the same fault. As-we must use coal, 
why not give equal attention to burning it in suitable fur- 
naces? So far, says our author, no special design has been 
made of a steam generator to use oil fuel, though he does not 
anticipate any very great departure from the designs he 
gives. He rightly points out that a specially arranged oil 
burning furnace could not revert to coal if the oil supply 
were cut off. 

This is a point of great importance, and it is just here 
that the Holden system, as used on the Great Eastern Rail- 
way, has such obvious advantages. To pass from oil to coal 
is a matter of not a moment of time. To revert to oil is 
simply a matter of burning the coal fire down below the 
level of the oil sprayers, and even this is only perhaps neces- 
sary for economy. It is not absolute. 

Fuel oil is a bye product merely. It cannot be stored 
without expensive holders, and must be sold as made. This 
is looked on as a check against any cornering of the market 
or undue raising of the price. 

It has recently been stated that in Germany an apparatus 
has been tried for burning coal dust. With'‘the experience 
of coal dust explosions in mines, there is no reason but to 
suppose that coal can be burned like a liquid ; but the trouble 
is, that some sort of stive chamber would be necessary in 
which to settle the dust, which would be intolerable if 
allowed to pass out of the chimney top. Even then, how- 
ever, it would be found needful to use a brick-lined furnace ; 
and, given such a furnace, coal could be used unground. 
Altogether, Mr. Billow’s article is a very good résumé of the 
question of oil fuel and furnaces. 


EXHIBITION AWARDS. 


A MATTER of the greatest interest to that section of the 
trading public taking part in exhibitions, international 
and otherwise, has been brought to our notice. It is a 
matter which we consider demands greater watchfulness and 
discretion on the part of juries and others superintending 
the granting of awards for exhibits. The value of such 
awards is not the same in the estimation of all successful 
exhibitors ; the chances of securing awards too often depends 
upon the amount of money spent in getting up an exhibit. 

hatever their value, however, it is much to be deplored 
that there exists the possibility for those who have not re- 
ceived awards to publish it broadcast upon notepaper and in 
advertisements, without anyone for months attempting to 


check them, that they have been awarded a “ First prize at 
Chicago, 1893,” and “a gold medal at Antwerp, 1894,” 
whereas the facts really are that they possess no award what- 
ever from the Chicago 1894 Fair, and only received a silver 
medal from the Antwerp Exhibition. The firm guilty 
of this misrepresentation has branches in London and 
Germany. 

The most amusing part of the affair, if there is any 
amusement in it at all, is the printing at the head of letter 
paper, what apparently purports to be fac simile reproduc- 
tions of the original Chicago medals; but, as a matter of 
fact, the Chicago Exhibition authorities themselves had not 
received proofs of the design for the German awards at the 
date upon which the letter paper in question was printed ; 
so how an exhibitor could obtain a copy we cannot quite 
perceive. 

If the exhibition authorities, whose actions are thus mis- 
represented, have it in their power, and we should think 
they have, we trust they will come down upon the offenders. 
Competitive firms might take the matter up, as one company 
has already done. 


GAS ENGINES AND ELECTRIC TRANS- 
MISSION. 


Mr. J. C. HENDERSON is a believer in the transmission of 
electricity from the coal mines, where he would generate it 
by means of gas engines, recognising that the gas engine is 
one of the more economical heat engines, and will, under 
favourable conditions, produce a horse-power hour for about 
3 Ib. of fuel, which he somewhat erroneously sets down as 
just half the best steam engine performance. Seeing that 
the 3 lb. was an expectation, and that its double of 1} lb. 
relates to the past tense of the steam engine, the comparison 
is alittle strained. However, Mr. Henderson is not too enthu- 
siastic, for he states that as between electrical transmission 
and the carriage of solid fuel, the former has got to beat the 
hard fact of the power of the railroads to carry 250,000 
horse-power hours—the equivalent of 100 tons of coal—at a 
very low cost from the mine to the point of use. While we 
quite agree with the statement that gas and oil engines are 
very perfect forms of heat engine as compared with the 
steam engine, we cannot overlook the fact that they have 
been perfected so quickly because of the many years’ teaching 
of the steam engine, nor must it be overlooked that the 
steam engine has not reached finality. Thesteam producing 
part of the engine is far from perfect, and even if we grant 
that the limit of pressure has now been reached, we cannot 
grant that the generation of this pressure has touched its 
lowest limit of cost. That there has been very little im- 
provement in the boiler for 100 years outside mere mecha- 
nical construction we may admit, but we do not admit that 
improvement is therefore impossible. All would-be boiler 
improvers have been moving upon entirely wrong lines. 
Their one aim has been to snatch the heat away from 
the furnace as quickly as generated, lest it should some- 
how disappear, and in straining at this gnat they have 
swallowed the whole camel of non-combustion. Not 
a thought have they given to securing perfect com- 
bustion, and the writer has seen but one boiler in which 
combustion was first taken into account, and heat trans- 
ference to the water made a separate affair. There is 
still a large margin for economy between the calorific power 
of fuel and its hitherto obtained duty. For some time to 
come the steam engine will hold its own as a power, and as 
it becomes more perfect, the great objection to the use of fuel 
in city limits, viz., smoke will disappear, and any arguments 
in favour of long distance electrical transmission of energy 
will require to be based entirely upon economic facts ; setting 
the economy of large generating stations and cheap fuel in 
favour of the idea as against the counteracting heavy expenses 
in constructive interest charges of the line, the loss incident 
to the transmission, which even the best of insulation cannot 
wholly eliminate, and which must increase with every mile of 
distance, and the possibly smaller future charges for carriage 
of stored energy in the solid. 

Mr. Henderson refers to oil engines. So far, the world’s 
production of oil fuel has not been great, and it does not 
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occur to us that if oil is produced in greater quantity it will, 
so far as regards London, Manchester, Liverpool, Glasgow, 
Bristol, or any of our large seaports, have any great influence 
in favour of long distanceelectrical transmission. Either from 
America or from the Caspian, or from any future discovered 
petroleum region, oil must be shipped to us, and any influ- 
ence it may have will all tend to the establishment of power 
stations upon, shall we say, the Essex Marshes, Chatmoss, or 
other half desolate areas near big cities. The present outlook 
is indeed rather favourable to the comparatively short distance 
trausmission of energy, excepting in case of water-power as 
the original source, which cannot well be bodily transferred. 
Recently, within quite a few years, we have seen the mistake 
made by all our northern railroads of duplicating their lines, 
in order to cope with increased traffic. All such duplication 
has been carried out to the highest Board of Trade require- 
ments for passenger traffic. Should the continued growth of 
traffic warrant a further extension in mileage in the future, it 
would seem to be wisdom to build upon the American plan, 
and use the new cheap line simply for goods trains. This 
would cheapen the cost of coal conveyance, and do away with 
the necessity of running fast coal trains. The Americans carry 
such traffic at very low rates, and at equally low speeds upon 
very poor lines, and it is only lately that the demand there 
for higher speeds has forced them to improve their roads. 
Similarly here, the demand for cheaper freight should be met 
in the future by cheaper roads, aud all this will tell against 
long distance electrical lines of transmission. 

It is not as though electricity were a power from other 
sources than fuel. The whole of the saving, excepting, of 
course, where it is sought to use water-power, must be made 
practically out of the item of carriage, with a counterbalancing 
smaller or greater leakage of current as a set-off. The 
esthetic side of the question is becoming of less moment as 
fuel becomes better utilised. If some of the enthusiasts 
would expend a part of their energy in showing how 
it would pay existing electric companies to extend their 
mains into suburban highways, not to name bye- 
ways, we fancy they would better serve both the 
future of electricity and the health and comfort of their 
fellows. Electricity at present—Mr. Preece to the contrary, 
notwithstanding—is the light of the rich man and the shop- 
keeper. No one has yet made an attempt to give the poor 
man even the opportunity to make the comparison. Until 
this is done, it is folly to dream of more costly schemes. 
There ought to be money in both electric lighting and 
heating for cooking pu It requires only a moment’s 
thought to appreciate that a turn of a switch in one’s room 
would light the fire below and also boil the kettle, making a 
house comfortable for the first riser, saving 30 or 40 minutes 
of time, and setting the householder much freer of the 
domestic tyrant. 

There is no end to the possibilities of electricity. Mere 
lighting is, or ought to be, an incident only. Allowing 
1,000 watts to the horse-power, the cost of one-thirtieth of a 
horse-power hour will run about a fifth of a penny, and this 
would pump a day’s supply of water 50 feet in an average 
household. The Lambeth Water Company charge nearly 
3d. per day. It is thus clear that in this one item alone 


‘householders, who are within reach of the water bearing 


strata beneath, would effect an economy, and keep dilute 
sewage out of their houses. We are all crying out for day 
loads, and yet take no steps to secure them. We profess a 
faith in electricity, and refuse to carry it to consumers’ doors, 
entirely overlooking the well-known fact that people do not 
go to buy what they know is not for sale, but will purchase 
anything if it is put within their reach. 


IS THERE A SOLUTION OF THE ELECTRIC 
CONDUIT RAILWAY PROBLEM ? 


THE Electrical Engineer (New York) abstracts a lecture by 
Joseph Sachs before the New York Electrical Society, 
Columbia College, dealing with the subject of conduits for 
electrical lines. The lecturer seems to be of opinion that the 
various forms of open slot conduit have many disadvantages 
in size and arrangement, and appear to have been designed 


for cheapness, to compete with the trolley system, rather than 
for efficiency. 

The Blackpool conduit is referred to as one on a line that 
is paying a dividend, so also is the Siemens-Halske, which, 
at Buda-Pesth, has worked since 1889 with 60 cars on a 
length of six miles. In this conduit the groove is in the rail 
itself, and the wheel has a central flange, and there are two 
wires in the conduit, which is bedded in cement concrete. 
It is doubted if snch a conduit, however, would work in 
America. 

The Love conduit is on trial at Chicago. This is a large 
conduit, carries the wires high, and there is a removable 
cover which can be taken up to get at the wire. 

In the Van Depoele conduit the wire is protected by flexible 
lips, to be opened by the car plow, and closing after this has 
see but the difficulty with all these is that we are still 
acking a sufficiently permanent elastic material. In the 
Lineff system the contact rail lies exposed upon the surface. 
It is in sections, 6 to 10 feet long, laid upon the conduit, 
which is beneath, and closed. The conductor in the conduit 
is flexible, and carries a strip of iron. There is a magnet on 
the car which lifts this flexible strip, and makes contact with 
each section of rail as the car comes upon it. 

Mr. Van Depoele also devised a surface contact system on 
somewhat similar lines, but in this case a magnet on the car 
pulls along a little trolley running in the conduit. This little 
trolley makes the contact as it runs between the true con- 
ductor in the conduit and the sections of the surface contacts. 
In the Zell and other systems there is special provision for 
drainage and dirt, and sewer connections. The Zell conduit 
indeed appears, on the face of it, exceedingly good. Nothing, 
however, is said as yet as to the faults developed in working 
of this or any other system, but that of the new extension of 


-the Ninth Avenue cable road of New York City is quite a 


large and complicated affair, with manholes, &c. This New 
York conduit does not strike us as particularly calculated to 
avoid drip on the conductors, which are directly below the 
most likely place from which the wet from the street will drip 
when it has crept through the slot and along the horizontal 
surface. There is, in fact, no provision to compel the drip 
to fall from a single drip edge. 

Indeed, few examples, show a sufficient appreciation of the 
fact that rain and mud must flow freely into the conduit, and 
should as freely get away. 


REVIEWS. 


The Electric Current, How produced and how used. By R. 
Watmsiey, D.Sc. (Lond.) &c. London, 
Paris, and Melbourne ; Cassell & Company, Limited. 


This is an electrical engineering text book of the commonest 
type, with all the old familiar illustrations to be found in 
most standard works on electricity and magnetism. Through- 
out the work, modern apparatus and methods are lightly 
touched upon ; the design of dynamo magnets is treated and 
illustrated principally in the manner and by figures from 
Prof. 8. P. Thompson’s works. 

Woolrich’s early electroplating dynamo is described and 
illustrated, and is of interest ; but what earthly use there can 
be for a reproduction of the descriptions and illustrations of 
old obsolete machinery, like the Alliance and Wilde's, we 
cannot conceive. 

About 24 pages are devoted to the usual unsatisfactory 
treatment of thermal production of electricity, without adding 
anything new except a description of a radio-micrometer. 

Part 11.—The laws of the electric current and the chapters 
on measurements, are the best in the book. 

Part I1I1I.—The applications of the electric current is not 
up to date on important matters, and contains far too much 
old material. In arc lamps we are shown the ancient Foucault 
clockwork lamp, the Jablochkoff candle, and the evergreen 
Brush arc lamp. The author is altogether wrong about the 
production of a workable lamp. He says: “'l'o produce a 
workable arc lamp requires little or no originality, and calls 
for the display of only a moderate amount of mechanical 
skill.” Well, many skilled electricians and mechanics, and 
sometimes both combined, have endeavoured to produce a 
workable arc lamp, and yet, as every practical engineer 
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knows, the very best one to be bought leaves much room 
for improvement ; not one is entirely satisfactory after all. 
Simply because hundreds of supposed inventors have produced 
thousands of designs for arc lamps, is no proof whatever that 
the production of a really workable lamp is an easy matter ; 
the scarcity of such workable lamps is proof to the contrary. 
A modern lamp is not shown and described, the reader is re- 
ferred to other works for information regarding them, and 
old acquaintances of our boyhood are foisted upon us 
instead. 

Polyphase currents are dismissed in four pages, and 
yn motors in two. A few pages are devoted to 
“electric waves,” the author regretting that he had to cut 
this subject short. He had better have cut it out altogether, 
for all there is in it is of no use toastudent. In electro- 
motors the ancient and obsolete motor of Jacobi comes first, 
of course ; no writer can resist the temptation to lug in this 
motor. Its study must be considered very instructive. 

Finally in railway motors a design is illustrated said to be 
designed by Edison, see page 701. To be correct it was 
made by the Edison Company, but they did not claim the 
design either for Edison or themselves, but openly admitted 
the source from which it came. The teacher of electrical 
engineering ought not to fall into the popular error of 
ascribing to Edison the invention of everything in electric 
lamps, dynamos, and motors. The book has about 750 
pages, and with the exceptions here referred to, will be found 
of some value to students in the elementary stages of elec- 
trical engineering. 


Electric Light and Power Distribution. By W. Purren 

Maycock, M.I.E.E. London: Whittaker & Co. 

This work is a combination of Part I., II., and III., 
previously issued separately and formerly reviewed by us. 
Part I. we admire as much as ever; it is still the best 
elementary treatise on the science of the subject. In a 
future edition we would recommend leaving out the illustra- 
tion of a cast-iron box with an eye-bolt on it used to repre- 
sent an “electric light condenser ;” the case containing a 
condenser has nothing educational about it. Part II. is 
largely illustrated from trade catalogues; in this respect it 
has not been improved. About 40 pages of continuous 
current dynamo illustrations is too much, especially as most 
of them are of such poor designs that they are now obsolete ; 
one or two good illustrations at most is all that is necessary. 

The scientific part of this chapter is good, except that 
portion of it devoted toarc lamps. The Brockie-Pell, Brush, 
and Giilcher lamps are illustrated and described, but the 
student wants more than that : he wants to know the science of 
arc lamp construction, and the elementary guiding principles. 

Part III. deals with accumulators, transformers, central 
stations, mains, and miscellaneous matters. Fig. 221 is 
not a good example to set before students as a modern 
transformer, and the statement that transformers work 
with an efficiency of 98 and 99 per cent. must be taken 
cum grano salis. The greatest achievement of electrical 
engineering in the world is said to be the Liverpool Overhead 
Electric Railway, but where the greatness comes in is not 
explained. It is said to be no less than six miles long, and 
is likely to be lengthened to the great extent of another 
three miles. Although we take exception to these points, 
the book contains all that is necessary for the elementary 
student, and is to be recommended. What we protest 
against is the filling up of space with mere illustrations of 
machines and apparatus now, for most part, obsolete ; they 
are not instructive unless used for the purpose of pointing out 
their defects and faults in design; in no case is this done. 
If it were done, there would very soon be much less of the 
catalogue about text books. 


Practical Electric Bell Fitting. By F.C. Auusop. Fifth 
Edition, Revised and Enlarged. London: E. & F. N. 
Spon, 125, Strand. 

The demand for a fifth edition of this useful book is a 
Revisions and additions 
have been made, but we notice a statement on page 112 
which certainly requires alteration—the current necessary to 
ring a bell is stated to be from 4 to 3 ampéres ; they must be 
exceedingly badly constructed patterns which would require 
such currents as these to work them well. 


The Slide Rule. By OC. N. PickwortH, Wh.Sc. London : 
Emmott & Co., Limited, 56 and 57, Fleet Street. 


The advantages of slide rules is but very imperfectly 
——— in this country; the idea still prevails that 
calculations effected by its use are both difficult of exe- 
cution and very roughly approximate. Such notions are 
incorrect, to say the least, and are but slowly being got rid 
of. It is possible that the notions have partly arisen from 
the very uninviting appearance of illustrations of slide rules 
which certainly do not give one an idea of accuracy, the 
engravings being very roughly done; at the same time 
it is difficult, or rather impossible, to give an adequate 
explanation of the immense amount of work which can be 
done with even a small rule, without a great deal of unat- 
tractive looking printed matter. The manual by Mr. Pick- 
worth deals chiefly with the Gravét or Mannheim type, and, 
taking it altogether, the writer has done his work well, the 
examples selected being fair cases of those met with in 
general practice. . 


Calendar for Electro-Technicists,* 1895. Issued by F. 
Uppenborn, engineer, of Munich. Vol. xii. Munich and 
Leipzig : Oldenbourg, 1895. 


This work, which is wonderfully replete with information 
of value to electricians, appears in two parts. Part I. is 
neatly bound in the form of a pocket-book, whilst Part IT. is 
merely in a paper cover. 

The book commences with an almanac of medizeval style, 
in which each day is decorated not with the dates of great 
discoveries in electricity and the allied sciences, or with the 
birth and death days of illustrious inventors, but with the 
names of saints who may have existed or who may be mytho- 
logical. At the end of the volume comes another almanac 
giving the dates of the moon’s phases. At the end of the 
former almanac follows a list of the dates of electric inven- 
tions. 

The first section of the book is concerned with mathe- 
matics, including tables of weights and measures. We have 
still separate tables for British and Russian standards. We 
may venture to say that had the metric system not been 
encumbered by the polysyllabic Greeco-Latin names which its 
French authors imposed upon it, it would long ago have 
been accepted in the United Kingdom. Under the heading, 
“Physics,” we find tables and laws pertaining to mechanics, 
magnetism and electricity. There is an explanation of 
hysteresis, and an account of the iaws of Ohm, Kirchhoff, and 
Joule. 

Section III. enters upon the main subject of the book, 
electro-technics. Of this a large portion is devoted to an 
account of the principal establishments for the manufacture 
of electro-technical appliances, all except two being in 
Germany. 

The construction and verification of lightning conductors 
are very fully dealt with. The reader is cautioned that 
a determination of the resistance is not in itself suffi- 
cient to prove the satisfactory condition of a lightning 
conductor. Ivon is not recommended for the conduc- 
tion, as it withdraws the self-induction from calculation. 
The combination of iron and copper, whether by solder- 
ing or other methods, is justly condemned as involving the 
corrosion of the iron. In the examination of a lightning 
conductor the earth is too often overlooked, the observer 
forgetting that if it is bad the entire installation is simply a 
source of danger. As far as the mere protection of life and 

roperty is concerned, there is less need of lightning-rods in 
Britain than in Central Europe, not to speak of India or 
Africa. The chief danger of a thunderstorm with us is the 
fall of temperature which it mostly involves. To lose ten 
days or a fortnight out of our short summer isa serious affair 
for all kinds of crops. Hence if our electricians could devise 
some method of dispersing thunderstorms or preventing them 
from forming, they would confer an incalealable boon on 
agriculture. 

The section :—“ Matter of general utility,” includes a mass 
of matter generally useful. We find here, ¢.., a notice 
of the German postal service, and an account of the meagre 
benefit conferred by the vaunted “International Postal 
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Union,” which has, we fear, blocked the way to a thorough 
postal reform. 

In addition to ordinary telegrams, the German empire 
admits of urgent telegrams for which there is charged three 
times the price of an ordinary telegram, and which, in case 
of need, take precedence of common messages. 

There are tables of fees for engineering and architectural 
work, plans, reports, estimates, &c. Then follows a com- 
prehensive table of the latitudes, longitudes, and altitudes, of 
the most important places, their mean annual temperatures, 
and the gravitation at each. Lastly comes a table of the 
symbols used in the strictly electrical chapters of the book. 

Part II. is of a supplemental character. Part I. is devoted 
to the higher mathematics, in as far as practically useful. 
Then follow physics. Here we have a section on “ Areometry.” 
This is the German term for what we less logically call 
hydrometry, that is the approximate determination of the 
specific gravity of liquids by means of a graduated floating 
instrument. Of such instruments there are unfortunately 
various forms, both for liquids heavier and lighter than 
water. We find here the scales of Twaddle, Gay-Lussac, 
Brix, Beck, Beaumé, and the Dutch scale placed along with 
the true specific gravities. It is to be remarked that the 
areometers or hydrometers of Brix are graduated at 124° of 
Reaumur’s thermometer, those of Beck at 10°, Beaumé at 
14°, and the Dutch scale at 10° R. Of these scales the most 
objectionable is that of Beaumé, in as far as different 
authorities mostly disagree concerning the value of its degrees. 
The instruments of Gay-Lussac, Brix, Beck (for heavy 
liquids), ond the Dutch scale are fortunately not in use in 
Britain. It is to be regretted that the Beaumé instrument 
is still almost universally employed on the European con- 
tinent and in America. 

Hydrometry, in this book, as in general in German 
technical works, is the accepted term for determining the 
flow of water in streams, canals, &c. 

The last section of Part II. contains an abstract of the 
German patent law, of the regulations for verifying 
resistances, ammeters, voltmeters, galvanometers, and other 
electro-technical appliances. 

The laws for the insurance of workmen against accidents 
and of injuries to health are doubtless intelligible toa German 
lawyer. It seems that workmen in certain employments are 
obliged to pay a certain sum on every pay day intoa common 
fund to which the employer is bound to add one-third from 
his own resources. We find here no stipulations as to the 
sanitary character of factories and workshops, though we 
know that such exist and that they are not deficient in 
strictness. 


A Text-Book of Mechanical Engineering. By W. J. 
LinenAM. London: Chapman & Hall, 1894. 


The title of this book is so ambitious, that it is quite an 
agreeable disappointment on opening it to find that it 
accomplishes so much. Mechanical engineering, in itself, is 
so wide a field, that any one writer cannot hope to cover the 
ground. In fact, one might hand every page of the book 
to an expert in the subject dealt with on that page, and 
receive a volume written on each subject. For all that, Mr. 
Lineham’s book is‘a really good production. Itis notsimply 
a re-hash of so many trade catalogues, though necessarily the 
makers of tools have been drawn upon for particulars and 
illustrations of special machines, but a genuinely original 
work founded upon practice, and dealing with actual work- 
shop examples. Such a work put into the hands of an 
apprentice freshly entering on his work would be of very 
great service to him. In the present writer’s early da 
there was no book that could even pretend to fill the place of 
this. There were books on special details,such as valve gearing, 
but none of the widely embracing character of the one before 
us. It were strange, indeed, not to detect some errors in so 
wide a field, and some few we note. On page 5 it is stated 
that green sand is the geological name of a sand of fine tex- 
ture. This is how the author derives the foundry name of 
green sand, but surely he is in error here. The sand of the 
foundry is termed green because it is in a slightly moist state, 
and therein differs from the so-called dry sand. A casting is 
termed a green sand or a dry sand casting, according as the 
metal is run into the undried or dried mould; but we venture 
to say there is no geological green sand used in north country 


foundries, for the geological green sand does not exist further 
north-west of London than in the counties of Cambridge and 
Bedford, and then the green sand of the geologist may be 
exceedingly fine, as at Wrotham, in Kent; coarse, as at 
Leighton Buzzard; it may be yellow where oxidised, as at 
Sandy, or green, as seen in a deep well when newly exposed. 
It varies from being a dirty, sandy clay, to the hardest and 
toughest rock of South-East England—to wit, the Kentish 


rag. 

Then, speaking of gas engines, it is said ignition tubes 
will last a fortnight only. This ignores the modern tubes, 
which will last, we believe, many months. 

Of toothed wheels, the old-fashioned ordinary proportions 
are given, with simply a remark that it is proposed that the 
tooth length be shortened. Of this it is objected that fewer 
than two pairs may only be in contact at once. Now, so 
long as the tooth length is sufficient for one pair to come 
into contact, if the pitch be even before the previous pair 
cease contact, that is all that need be considered on the score 
of length in respect to the question of numbers in contact. 
In large gears of old proportions there may be seen an arc 
of mesh some 2 feet long, whereas a fourth of the length 
is ample.: Too early contact, especially before the line 
of centres, is apt to give rise to shock and friction. 
The most carefully moulded teeth are apt to be a little out 
of truth, and in long teeth not only is such want of truth 
more marked, but it causes undue pressure at the worst posi- 
tion of the teeth, i.e. just when first meshing, and shock 
acts with far greater severity on the long teeth. Then, with 
all deference to Mr. Lineham, though we admit the excellence 
of modern machine-moulded teeth, we would say that truer 
teeth can be cast from a machine-cut wooden pattern than 
can be moulded. The mistake in most wheel patterns is that 
they are made new and good. The best wheel patterns are 
those which, after years of storing, are overhauled, the bodies 
wedged up tight, and new teeth put inand cut. But though 
these are facts, no one would now make a wheel pattern for 
an odd pair, or even a few pairs of wheels. We do, however, 
think that it is to long and badly pitched teeth that it came 
about that toothed gearing was discredited, and gave way 
to belts and ropes, with all their accompanying increase of 
friction. 

In dealing with the operations of the workshop, the author 
has selected a steam engine as a machine in which are com- 
prised practically all operations. Turning, boring, slotting, 
planing, all find something to do upontheengine. Squaring 
off, marking off, drilling, forging, all find a place in the 
engine, which is, at the same time, more or less familiar to 
all engineers, a fact rendering any description of details or 
of operation upon a named detail easy to understand as com- 
pared, say, with a similar attempt to deal with a less general 
machine, such as a printing press or a spinning frame, 
familiar only to a special class, or locally. The illustrations 
are not mere pedantic pictures, as so usual, but are from 
actual practice, and this is pretty well carried out throughout 
the whole book ; the locomotive illustrated being the cele- 
brated North Eastern compound, so creditably known for 
its performance, the marine engines being those of the 
Iberia. Most of the folding plates are made to lie wholly 
outside the book for convenience in reference to the descrip- 
tive matter. So far as is possible, one letter in the formule 
has been retained for one signification, and Part II. com- 
mences with an alphabetical synopsis of all letters and signs 
used throughout this part, which is devoted to theory and 
examples, few of them standing for two purposes. The 
mathematics of the volume have been simplified as far as 
ever possible. Indeed, the book is a good example of what 
may be done without mathematics. Few technical writers 
seem to write without flying off into mathematics to a degree 
wholly needless. That sure sign of the made-up book—the 
perspective illustration of a machine or an engine, is, happily, 
quite wanting. All the illustrations are genuine drawings. 
Necessarily each subject dealt with has required brief treat- 
ment, the available space being, of course, limited, but what 
is said is good and to the point, and the author, where not him- 
self, perhaps, specially familiar with any branch of his subject, 
has been fortunate in drawing upon a good authority, and so 
far as one can read the book more critically in light of one’s 
own experience, it is very generally correct, as one recognises 
the correctness of the source of the information. 

While, therefore, it is open to criticism as perhaps a little 
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too ambitious in covering too wide a field, this is certainly 
thet best student’s manual that has appeared on mechanical 
engineering, and all that is implied thereby in knowledge 
not of tools only, and the practice of the mere workman, 
but also in design, and in a fair knowledge of thermo- 
dynamics and physics; prime movers, both steam, gas and 
water, receiving attention. 
It is a book we do not hesitate to recommend. 


THE UTILISATION OF WIND POWER. 


By RANKIN KENNEDY. 


(Concluded from page 736.) 
Since last week, some interesting information has come to 
hand in the Engineering Magazine in an article on windmills 
on the Lewis system. The interesting points are referred 
to below. 

The same windmill may be used in any system. Lieut. 
Lewis, in his article, states that there are no fewer than 
1,000,000 windmills in use in the United States. Twenty 
firms are engaged in their manufacture, and their combined 
sales exceed 100,000 mills a year. 

A plant has been erected in America, on the Lewis system, 
at Marblehead, Mass., U.S.A. This plant displaced a steam 
engine plant; it consists of an “ Eclipse windmill,” with a 
wooden wheel 20 feet in diameter on a tower 75 feet high. 
This mill drives a dynamo of 2 kilowatts output at 1,200 
revolutions, and is wound on the “ Lewis system” for speeds 
varying between 750 and 1,500 revolutions per minute; but 
it has been found that this size of mill was better suited for 
a 3-kilowatt dynamo. 

The Lewis device consists in winding the dynamo with a 
reversed main coil, so that as the current rises the field is 
weakened, and vice versd; when the current falls the field 
strength increases. 

This device compensates for variations in speed within the 
limits indicated in the speeds given in the above paragraph. 

The dynamo feeds into 46 storage cells of 200 ampere- 
hours capacity, and 90-volt lamps are used. 

Comparing the steam plant and this wind plant, we have 
figures given as follows: steam plant for 75 lights—original 
cost £200—depreciation £20, interest £10, attendance £15, 
operating expenses for six months £20; total yearly cost £65. 

Windmill plant, supplying 127 lights, original cost £360 ; 
depreciation on mill 5 per cent., and on electrical plant 10 per 
cent., £26; interest £18, attendance £4, operating expenses 
£2, total yearly cost £50. 

In the case of steam-power the average cost is about 16s. 
per lamp per year, with wind plant, 8s. per lamp per year. 

The following table, showing the actual useful horse-power 
developed by windmills of different sizes, is the result of ex- 
periments, made with wooden wheels, driving a differentially 
wound dynamo. It will be found to be a moderate, though 
fairly accurate one, for the best mills of this class. For the 
best steel mills the figures should be increased 20 per cent. 


Windmill. 


et Actual useful horse-power developed. 


| &m. | 10-m. 12-m. | 16-m. | 20-m. | 25-m. 30-m. 
wind. | wind. | wind. wind. wind. wind. wind. 
| | 

14 | 0 4 1 13 24 3 
16 3 14 24 34 4 

18 4 1} 2 | 3 4 | 6. 
20 1} 2 3. | 4 53 7 
25 13 | 3 44 6 8 10 
30 3. | 4 54 7 9 12 
35 | € 5 63 | 8} 104 14 


By “ useful horse-power” is meant that actually applied to 
the shaft of the armature, as shown by the voltmeter and 
ammeter, allowing 500 watts per horse-power. 

This table is made up by Lieut. Lewis. 

Now, in this country, Prof. Blyth has experimented also 


with windmills and storage batteries, and others have pro- 
schemes from time to time, but all of them have the 
trouble with the varying speeds. 

Whatever device may be adopted to adjust for varying 
speeds, there is loss in using it, and a much bigger mill has 
to be used to do the work. 

In the plant at Marblehead, all winds below that corre- 
sponding to the 750 revolutions and over 1,500 are lost, and 
only at one speed, 1,200, is the dynamo doing its full duty. 
Nevertheless, by making the mill large, and using a large 
accumulator, it has been a success. 

But, on the author’s system, compressed air storage renders 
the regalation for varying speeds, minimum speeds and 
maximum speeds, totally unnecessary. If the air cylinders 
for storage, and the pressure be made great enough for a 
three or four days’ supply, no accumulators are wanted at all. 
Storage can go on all the same, whether the dynamo is 
running or not. 

A horizontal mill, built on the principle of Robinson’s 
anemometer, as suggested by Prof. Blyth, and used by him 
in some of his experiments, would be, perhaps, the best type, 
as it does not race dangerously in high winds, and is ready 
to go at any time and with any wind. 


ACCUMULATOR ELECTRIC LOCOMOTIVES. 


Mr. Epsrern’s criticism of the article on “ More Electric 
Traction,” in which we referred to Mr. Gibbings paper, 
requires an answer on some points. He claims to be able to 
oe his statements, and asserts that he has proved them ; 

ut the proofs are uot to be found in his letter, nor in the 
three elaborate articles on the subject published in the 
ExectricaL REVIEW during January, 1894. 

It may be sivce that date he has discovered an accumu- 
lator which realises the dreams of battery traction enthusiasts, 
and which will do all that he claims for it, and Mr. Gibbings 
may also have caught that accumulator ; but as neither of 
them condescended to particularise the important improve- 
ments, and as no publication of them has been made, the 
proposals had to be discussed from the point of view of 
existing information. From that point of view, the argu- 
ments in our leading article against battery traction formed, 
at the subsequent discussion on the paper, the most telling 
eg made by Mr. Manville, and also by Mr. Ferranti ; in 
act, the discussion proves that every objection made in the 
article coincides entirely with the opinion of experienced 
engineers, 

In his January writings in this journal, Mr. Epstein gives a 
trolley car weight as 8 tons, and that of an accumulator car 10 
tons ; that is, 2 tons for accumulators. This is the weight given 
in our article. But in his letter he now claims three-quarters 
of a ton as the weight of accumulators. It is for him to 
explain the difference. He cannot blame us for unfairness 
in taking his own figures which were before us, while he keeps 
other figures to himself. 

Then again, two and a half sets of batteries per car may 
work a system, but no responsible engineer, with the infor- 
mation now available, would recommend working to so close 
a margin of safety; three sets at least per car would, in 
practice, be insisted upon to guard against failures, and loss 
of time in running. 

It is this very practice of inventors claiming too much for 
their cells which has been chiefly the cause of failure in 
battery traction. 

Weare all awaiting the advent of the cell which is to come 
up to Mr. Epstein’s claims, and if he has found it, why not 
bring it out, and show us that it fulfils the requirements ? 

The discussion on the paper, and the previous records of 
battery traction, prove that we are not alone, nor, indeed, 
mistaken, in the opinions and facts set forth in the article to 
which Mr. Epstein takes exception. : 

We have reproduced in full the discussion on Mr. 
Gibbings’s paper, so that the subject may be referred to 
without quoting in this place the corroborative statements 
made by others competent to opinions and give figures 
relative to battery traction. Finally, we must still hold that 
before any battery traction scheme can be accepted, great 
improvements in the cells have yet to be demonstrated. 
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BOARD OF TRADE INQUIRY REGARDING 
TRANSFORMER CHAMBERS. 


THE resumed hearing of the appeal of the County of London Company 
to the Board of Trade in reference to the objections of the London 
County Council to the proposal to construct transformer chambers 
under the streets, took place at 7, Whitehall Gardens, on Thursday, 
the 20th inst., Sir Courtenay Boyle presiding, and being accompanied 
by Major Cardew, electrical adviser to the Board of Trade, and Mr. 
F. G. 8. Hopwood, C.M.G., of the Railway Department. 

Mr. C. A. Cripps, Q.C., appeared for the County of London Elec- 
tric Lighting Company, Mr. Germaine for the House-to-House Elec- 
tric Lighting Company, Mr. Earl for the Wandsworth District Board 
of Works, and Mr. Bassett Hopkins for the London County Council. 

Mr. RapForpD, surveyor for the parish of Putney, in the district of 
the Wandsworth Board of Works, put in plans showing sections of 
the streets in High Street, Putney, and elsewhere, where it was pro- 
posed to construct transformer chambers, and said that in his 
opinion there was not room for such chambers, especially having 
regard to the probable extension of the district and the widening of 
the roads. 

Mr. Martin gave similar evidence with regard to the Streatham 
and Tooting districts. 

Mr. Cripps, Q.C., then addressed the chairman on behalf of the 
electric lighting company. He said the contention that there was 
not room enough in the roadway was absurd, and was amply dis- 
proved by the fact that such chambers had been constructed under- 
ground in the City of London and in other places vastly more 
crowded than the districts spoken of by witnesses. The County 
Council had made repeated efforts to upset the understanding arrived 
at after much discussion by Sir George Trevelyan’s committee, that 
undertakers of new works might use the streets, subject to the proper 
supervision, and upon the condition that they did not interfere with 
existing works. The view held by the County Council was, that the 
streets were the property of the public,and companies wishing to 
occupy them ought to pay them (the council) as representing the 
public for the use of them; but they had always failed to maintain 
this contention before Parliament. From the commencement the 
railways, gas mains, water mains, and so on, had occupied the streets 
without any payment, the principle being adopted that companies 
carrying out works for the public advantage should be encouraged 
rather than taxed. The County Council, moreover, was not the proper 
authority to interfere in this matter, the control of the mains of 
various kinds being resting with the vestries, the council having very 
limited rights in regard tothe streets. He contended, therefore, first, 
that the council had greatly exaggerated the facts, and in the second 
place that they had no authority. This did not apply, of course, to 
the Wandsworth Board, who were the proper authorities to raise 
objections ; but he met them by saying that they were mistaken in 
the view which they took. With regard to the point raised that 
transformer chambers were not “ boxes,” and that the provisional 
order did not contemplate the placing of such large structures under 
the streets, he said express permission was given by Section 12, sub- 
ject to the approval of the local authority, to place such boxes down 
as were necessary for the purpose, among other things, of directing 
and controlling the supply of energy. Transformers were certainly 
required for that purpose, and therefore the chambers in which they 
were placed were boxes within the meaning of the section. The 
question for the Board of Trade, therefore, was as to the safety of 
the particular system to be used, and he would call leading experts 
who would state that the form of chamber proposed was perfectly 
free from danger. 

Sir FREDERICK BRAMWELL, examined by Mr. Cripps, said a chamber 
of such small size as that proposed, constructed with a thickness of 
asphalte in the side walls between two pieces of brickwork, and a 
plate of lead at the bottom, was one which could not, under ordinary 
circumstances, receive gas by leakage. But if by some means, which 
he could not conceive, gas did get in, it could not possibly form an 
explosive mixture, as it would rise by reason of its levity, and escape 
through the top grating provided. There was no need for ventilation, 
understanding that word in the ordinary sense as implying a current of 
air. In 1867, when the question of subways was before Parliament, 
he made experiments at Southwark, and found that in the middle of 
a subway half a mile long, with the doors at the ends closed, and 
gratings at intervals of 100 feet, it was impossible to get more than 
from 24 to 3 per cent. of gas in the atmosphere, even when an inch and 
a half gas pipe was turned on full. Matches were struck, and it was 
evident that an explosive mixture was not formed, the gas escaping 
freely at the gratings. 

By Mr. Basserr Hoprxins: The pipe ventilation provided in the 
company’s plans was not in the least necessary, but would do no 
harm, and might satisfy people who had no practical knowledge of 
the matter. There was no necessity, upon grounds of safety, for the 
chambers to be watertight; that was merely a matter of conveni- 
ence. 

_By Mr. Earnu: The pan underneath the grating, with a drain 
pipe running off from it, provided in the plans, would prevent water 
from running into the chamber. Any gas given off by electrolysis 
would be very small indeed in quantity, and there was no danger to 
be anticipated from that cause. There would be no greater danger if 
the chambers were placed under the roadways instead of under the 
pavements, for they were constructed with quite sufficient strength to 
resist the effects of, say, a steam roller passing over them. 

By the Cuatnman: There was the possibility of the earth above 
the transformer chamber becoming charged at a different potential, 
but there was no more danger to be anticipated than that a train 
might run off the line, or an ordinary boiler burst. 

_Prof. 8. P. Tompson asserted his agreement with the evidence 
given by Sir Frederick Bramwell, and said it was almost impossible 


for gas to get into the chambers, whilst if it did get in it would 
inevitably escape through the grating. 

By Mr. Eart: The chambers might be more readily ventilated if 
they were placed above ground on private property, but there were 
other considerations which made it important that they should be 
placed underground. The matter of expense was not the only reason 
why it was advisable not to have fewer transformers and those of 
larger size. It was more convenient to regulate the pressure over a 
small area than over a large one, and in case of a mishap a smaller 
district was inconvenienced by the stoppage of the light. The 
danger to the public would be less with small chambers than with 
large ones. 

Dr. Fremina substantially agreed with the two former witnesses 
with regard to the safety of the transformer chambers. In reply to 
Mr. Bassett Hopkins, he said a certain amount of heat would be set 
up in the chambers, and that would have the effect of creating a 
current of air. 

Mr. Lawson, engineer and manager of the County of London 
Company, put in the company’s plans for the chambers proposed to 
be put in in the St. Luke’s District, to which reference had been 
made by witnesses for the County Council, and said there would be 
no interference there with the existing pipes. The district surveyor 
was satisfied in that case; and in regard tothe Wandsworth districts, 
there need be no difficulty, as the company were quite prepared to 
alter the positions of the transformer chambers wherever necessary. 
Companies had carried out precisely similar systems at Dover and 
Bournemouth, and no difficulties had arisen. 

Mr. Bassett Hopkins, in replying, said that whilst the expert 
evidence showed a decided difference of opinion, it could not be de- 
nied that scientific men of great eminence had stated that the pro- 
posed system was unsatisfactory, and that it would be exceedingly 
difficult to keep the chambers efficiently ventilated, so that there 
would be no danger from explosions of gas. In any case, to make 
them and maintain them perfectly gas and water-tight would involve 
considerable expense, and he thought there would be great tempta- 
tion to allow them to become insufficient in that respect. Further, 
it was an unreasonable construction to place upon the language of 
the order to say that the term “street boxes” covered, or contem- 
plated, such structures as the present day transformer chambers. 
What was now proposed was an absolutely new departure, and one 
which Parliament had had no opportunity of discussing from the 
point of view of public policy and expediency. He did not agree 
with Mr. Cripps’s view of the law in regard to the acquisition 
of vested interests in the streets; he considered that the law 
was against the idea of vested interests, and he was not sure 
that an injunction would not lie if the company attempted 
to assert the powers it claimed to possess. Still, he had such confi- 
dence in the Board of Trade that he should not advise the London 
County Council to test the question of law, but would be content to 
suggest that the decision of the whole matter be left in the hands of 
the Board of Trade. The sole right of ownership in the sub-soil was 
vested in the frontager, subject to certain powers reserved to the local 
authorities. This was the first time in history it was sought to 
establish the right to take possession of the subsoil in front of a man’s 
house for private purposes, without asking his leave, without giving 
him an opportunity of objecting, and without offering him any com- 
pensation. He did not tbink the Board of Trade would take the re- 
sponsibility of a decision upon a point such as that, but would hold 
that it was a matter for Parliamentary settlement. He further 
opposed the scheme because, if permitted, it would lead to a very 
large development, and would impose an enormously increased obliga- 
tion in the way of supervision on the London County Council, and an 
enormous increase of cost to the ratepayers. 

Mr. Eat, for the Wandsworth Board, opposed the scheme on the 
grounds of possible danger from explosions, and of interference with 
the rights of adjacent owners, and suggested as an alternative scheme 
that the chambers should either be constructed on private property, 
or erected above ground. 

Sir Courtrnay Boye said it might be convenient if he stated 
what was the nature of the advice which he proposed to give to the 
Board of Trade. He could not be certain that that advice would be 
taken, and the ultimate decision of the Board of Trade would be 
made in writing. The Board of Trade did not contemplate that the 
term “ street boxes” would be extended to include such structures as 
transformer chambers, but it did not follow that it would not now 
take the view that the term did in fact cover and include transformer 
chambers. The phrase “controlling energy” certainly suggested 
that view. He was in this difficulty, that if in the provisional order 
the words “street box” did not include and mean transformer 
chamber, thea the company had no right there at all, and the Board 
of Trade was not the proper authority to settle the objections of the 
London County Council. If there was no power given by the pro- 
visional order to go under the streets for the purpose of constructin, 
transformer chambers, then nothing that the Board of Trade coul 
do could give that power. That being so, it behoved him to act as if 
the word “box” did include and mean “transformer chamber.” 
Upon the question of public safety, his advice would be based upon 
the assumption that the case against the transformer chambers had 
not been made out. As long as a high tension system of supply was 
permitted at all, it must be allowed on the condition of the trans- 
former chambers being placed under the streets in a manner which 
would satisfy the Board of Trade. The promoters had promised 
to listen to any representations that might be made by the advisers 
to the London County Council, or the Wandsworth, or any other local 
boards, as to possible improvements in the construction of the 
chambers ; but, having regard to the scientific evidence given that day, 
he should certainly hold, and advise the Board of Trade, that trans- 
former chambers might be made so reasonably free from risk, that it 
did not become the duty of the Board to veto their use. But then 
came the question as to within what limits transformer chambers 
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would be used. He saw no limit, nor did the engineer of the com- 
pany, to the number which the company might ask for. Now, it 
appeared to him that an apparently unlimited number of transformer 
chambers, such as seemed possible, would be an extent of user of the 
public streets which the local authorities were justified in resisting, 
and which neither Parliament nor the Board of Trade contemplated. 
Therefore the action of the Board of Trade would be based on the 
view that the user of the streets for transformer chambers should be 
as far as possible curtailed, and that the chambers should be placed 
where they did not cause unnecessary interference. If there was any 
objection to the placing of a transformer in a particular place, the 
appeal clause came in, and each case would be considered as it arose. 
If the Board of Trade took his advice, it would not oppose in toto 
the use of transformer chambers under the streets, but would insist 
upon the adoption of proper safeguards. 

Replying to Mr. Bassert Hopkins, the Cuateman said he would 
consider the question of taking the opinion of counsel as to whether 
the word “box” should be taken to include “ transformer chamber.” 

Tkis terminated the proceedings. 


LEGAL. 


REDDAWAY AND OTHERS v. BANHAM AND OTHERS. 

BrroreE the Master of the Rolls, Lord Justice Lopes, and Lord 
Justice Rigby, on Tuesday last week, judgment was given in this 
case. This was an application by the defendants for judgment or a 
new trial in an action tried before Mr. Justice Collins and a special 
jury at Manchester. The action was for an injunction to restrain 
the defendants from continuing to use the word “camel” in such a 
manner as to deceive purchasers into the belief that they were pur- 
chasing goods (camel-hair belting) of the plaintiffs’ manufacture, and 
from passing off their goods as and for goods of the plaintiffs’ manu- 
facture. It appeared that several years ago the Lancashire Belt 
Company made a camel-hair belting for machinery, and sold it as the 
Lancashire belting. Shortly afterwards (in 1879) the plaintiffs made 
a camel-hair belting for machinery, and called it Reddaway’s camel- 
hair belting. At the trial the plaintiffs called evidence with the 
view of showing that in India a person buying camel-hair belting 
would expect to get Reddaway’s camel-hair belting. The learned 
Judge granted the injunction claimed, and the defendants moved for 
judgment or a new trial. Mr. Bigham, QC., and Mr. M‘Call, Q.C. 
(instructed by Messrs. W. C. Chew, Sons & Hilditch, of Manchester), 
for the defendants, contended that the defendants had a right to 
manufacture belting of camel-hair and to call it by its true name, and 
sell it as such, so long as they added nothing to the description 
likely to deceive purchasers. Mr. Gully, Q.C., and Mr. J. C. Graham 
(instructed by Mr. A. Macdonald Blair, of Manchester), for the plain- 
tiffs, relied on the fact which had been found by the jury—that the 
words “‘ camel-hair belting” had come to be understood by the public 
as indicating goods manufactured by the plaintiffs, and had ceased to 
be merely words of description. 

The MastER OF THE ROLts said that the action was for an injunc- 
tion, and an injunction alone. The defendants, he held, had a right 
to imitate the plaintiffs belting, and if they were trying to beat them 
out of the market they had done nothing wrong. In calling the 
goods camel-hair belting they only told the truth. It was said that 
the defendants had a wrong intention—to pass off their goods as the 

laintiffs’. ven assuming that to be so, the law took no notice of 
intention in a man’s mind unless it was carried into effect by a 
wrongful act. Therefore, as the only default suggested was the using 
the name, intent was immaterial. In these circumstances the learned 
judge ought to have entered judgment for the defendants, and the 
appeal must therefore be allowed. 

Lorp Justice Lopzs, in his judgment, said: Two questions arise. 
First, have the defendants correctly, in plain language, described the 
material of which their goods are made? Have they correctly de- 
scribed their goods? And, secondly, have they acted fraudulently, 
or misrepresented their goods as the goods of the plaintiffs? It was 
admitted by Mr. Gully that substantially they had correctly described 
their goods, To entitle the plaintiffs, therefore, to relief, they must 
make out either that the defendants, in addition to correctly de- 
scribing their goods, had dressed them up or garnished them so as to 
make them resemble the plaintiffs’ goods, or by words or conduct 
passed them off as the plaintiffs’ goods, or endeavoured so to do. All 
I find is that they called their belting by the same name as the 
plaintiffs’, and probably, as far as they could, imitated it; but this 
they are entitled todo. The plaintiffs, in my opinion, made out no 
case, and ought to have been nonsuited. The appeal must therefore 
be allowed. 

Lorp Justicz Riapy delivered judgment to the same effect. 


A BRIEF SUMMARY OF THE ELECTRICAL 
SECTORS OF PARIS.* 


THE CONTINENTAL Epison Company. 
The Drouot Station, 8, Rue du Faubourg-Montmartre. 
Boilers.—Four Babcock & Wilcox boilers, three giving 
2,600 kg. of steam per hour at a pressure of 6 kg. to the 
square centimetre, and one giving 3,200. 


* L'Industrie Electrique. 


Four Belleville boilers, each supplying 1,500 kilogrammes 
of steam per hour at a pressure of 15 kg. to the square 
centimetre. 

Engines.—Two Corliss horizontal engines of 300 H.P., 
one making 43 revolutions per minute, and the other 68. 
Two Weyher & Richemond compound engines of 100 H.P., 
at 160 revolutions a minute. Two Weyher & Richemond 
triple expansion vertical engines of 300 H.P., at 135 revolu- 
tions a minute. 

Dynamos.—Ten Edison dynamos of 800 a., at 125 volts, 
with eight poles (100 kw.), at 350 revolutions per minute, 
two in series, five in parallel, driven by belts. 

System of Distribution.—Three-wire distribution by feeders 
and loop circuits (two 120 volts); continuous currents. 

Cables.—Cables of naked copper over porcelain insulators 
in concrete troughs, covered over with slates. ; 

Accumulators.—Two batteries of 70 elements in series, 
supplied by the Socié/é pour le Travail Hiectrique des Métauz, 
of a capacity of 3,000 ampéere-hours. 

Total Power.—100 kilowatts. 

Remark.—The three stations (Drouot, Trudaine, and 
Palais-Royal) are connected in parallel for the evening sup- 
ply; during the day one of them suffices for the consump- 
tion and supplies the energy required for charging the 
accumulators in the sub-station of St. Georges. 


The Trudaine Station, 11, Avenue Trudaine. 


Boilers.—Three Belleville boilers, each giving 3,000 kg. of 
steam per hour at a pressure of 12 kg. per square centimetre ; 
one Belleville boiler, giving 3,800 kg. of steam per hour 
under the same conditions. 

Engines.—Four triple expansion Weyher & Richemond 
vertical engines of 300 H.P. at 130 revolutions per minute. 

Dynamos.—Kight Edison dynamos of 800 a., at 125 volts, 
with eight poles (100 kw.), at 130 revolutions per minute ; 
two in series, four in parallel, worked directly by means of 
Raffard couplings. 

System of Distribution.— Distribution by feeders and 
loop circuits, with three wires (two 120 volts) ; continuous 
currents. 

Cables.—Cables of naked copper on porcelain insulators in 
concrete troughs, covered with slates. 

Total Power.—800 kilowatts, 


Palais Royal Station—Cour d’honneur. 


Boilers.—Five Belleville boilers, each producing 2,500 kg. 
of steam per hour at a pressure of 12 kg. to the square centi- 
metre. 

Engines.—Six triple expansion Weyher & Richemond 
vertical engines of 150 H.P., at 160 revolutions per minute. 

Dynamos.—Six Edison dynamos of 800 a., at 125 volts 
(100 kw.), at 350 revolutions per minute, driven by belt, 
two in series, three in parallel. 

System of Distribution.—T hree-wire distribution by feeders 
(two 120 volts) ; continuous currents. 

Cables.—Insulated cables laid in pipes. 

Accumulators.—Auxiliary batteries at the Théatre Francais 
and at the Théitre du Palais Royal. 

Total Power.—600 kilowatts. 

Remarks.—A special installation consisting of two Ziper- 
nowski alternators, of 50 a. and 2,000 volts (100 kw.), at 
260 revolutions per minute, driven by two vertical engines of 
150 H.P., supplies the Palais de l’Elysée on fete days, by 
means of armoured cables laid in pipes. The alternators are 
coupled in parallel. 


The Saint-George’s Sub-station, 38, Rue Saint-George’s. 

No boilers. 

Engines—An Edison motor of 250 a, at 120 volts 
(55 kw.), branched on the system at 700 revolutions per 
minute. 

Dynamos.—One Edison dynamo of 350 a., at 90 volts, 
worked directly by the motor by means of a Raffard 
coupling. 

System of Distribution.—The object of this sub-station is 
to keep constant the difference of potential at certain points 
far away from the centre of consumption. 

Accumulators.—Two batteries of 64 Tudor elements in 
series of 2,800 ampére-hours. 

Total Power.—Forty kilowatts. 
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Remarks.—The accumulators are charged by the system 
in quantities varying in order to attain to the difference of 
tential of the distribution ; the surplus ones are charged 
y the continuous current transformer. A distribution 
board enables the charging or discharging to be started. 


Jornt-Stock CoMPANY FOR THE Evecrric LIGHTING 
OF THE PLACE CLICHY. 
Central Station of the Sector, 53, Rue des Dames. 

Boilers.—Eight Neeyer boilers, each supplying 2,500 kg. of 
steam per hour at a pressure of 8 kg. to the square centi- 
metre. 

Engines.—Three horizontal Corliss engines, non-con- 
densing, 500 H.P. at 64 revolutions per minute. 

Two compound vertical engines of 500 H.P. at 64 revo- 
lutions per minute. 

Three two-cylinder horizontal Armington engines, of 
150 H.P. at 240 revolutions per minute. 

Dynamos.—Five 8-pole dynamos with outer collector, of 
500 volts, 700 a., or 350 kw., driven directly by the hori- 
zontal Corliss engines and the compound vertical engines. 

Six Siemens 2-pole shunt dynamos of 200 a. and 250 volts, 
or 50 kw., at 380 revolutions per minute, driven by belts. 

System of Distribution—Distribution by feeders with 5 
wires at 440 volts (four 110 volts), with compensating systems 
of four dynamos placed in regulating stations and also accu- 
mulators. 

Cables.—Insulated, lead-covered, armoured cables (Siemens 
system) laid directly in the earth in a layer of fine sand. 

Distribution and derivation boxes hermetically closed. 

Accumulators.—Two batteries of 250 elements, supplied 
by the Société pour le Travail Electrique des Métauz, 
500 volts, 2,000 ampére-hours, with an output of 250 
amperes. 

One battery of 270 Tudor elements, 500 volts, 3,000 
ampere-hours, with an outpnt of 300 amperes. 

Total Power.—2,050 kilowatts (dynamos), 400 kilowatts 
(accumulators). 

Remarks.—The only central station with regulating sub- 
stations. 

The electrical canalisation is in very good condition ; insu- 
lation very high. 

The Aron meter used. 


Tue Hautes CenrraLes Municirpat Station. 
Central Station, Rue Vauvilliers, Halles Centrales. 


Boilers.—Six Belleville boilers, furnishing 1,500 kg. of 
steam per hour at a pressure of 15 kg. to the square centi- 
metre. 

Engines.—Three Weyher & Richemond triple-expansion 
engines, of 150 H.P. at 160 revolutions per minute. 

Three Leconteux & Garnier engines of the Corliss type, 
with tandem condenser—170 H.P. at 180 revolutions per 
minute. 

Dynamos.—Six 2-pole Edison dynamos, 330 a., 120 volts, 
-. 40 kilowatts, at 600 revolutions per minute, driven by 

ts. 

Three alternating current Ferranti dynamos of 2,400 
volts, 46 a., or 110 kilowatts at 530 revolutions per minute, 
driven by ropes. 

Four Desroziers dynamos of 250 a., 120 to 170 volts, or at 
the maximum 42°5 kilowatts, for charging the accumulators. 

System of Distribution.—Feeders with 3 wires at two 110 
volts. Feeders at 2,400 volts. Separate circuits. 

Cables.—Insulated cables supported on insulators in con- 
crete troughs. 

Siemens’s lead-covered armoured cables. 

Insulated cables in mouldings of sulphated wood laid in 
concrete troughs, 

Transformers and Accumulators.—Two batteries of 67 
accumulators supplied by the Société pour le Travail Elec- 
trique des Métaux, of 200 ampére-hours. 

Total Power— 240 kilowatts (dynamos), 50 kilowatts 
(accumulators), 330 kilowatts (alternators). 

Remarks.—This station effects the lighting of the Halles 
Centrales, and distributes electrical energy to a few con- 
sumers. 

During the day the four Desroziers dynamos can be worked 
by two Leconteux & Garnier steam engines solely for charg- 
ing the accumulators. 


Tue Evectric AND Powsr Company. 
The Saint-Ouen Station, Quai de Seine. 


Boilers. — Eight Roser tubular boilers, each supplying 
2,000 kg. of steam per hour at a pressure of 12 kilogrammes 
to the square centimetre. 

Engines.— Four groups of 2 horizontal Leconteux and 
Garnier engines, of the Corliss type, coupled two-by-two on 
the same fly-wheel, 150 H.P. each, at 65 revolutions - 
minute. Intermediate transmission for driving the dy- 
namos. 

Dynamos.—¥ight double-ring Marcel Deprez continuous- 
current dynamos of 2,500 volts and 30 a., at 600 revolutions 
per minute, or 75 kw. 

Four Hillairet dynamos of 250 a. and 120 volts, or 30 kw., 
for excitation and other purposes. 

System of Distribution.—High-tension distribution with 
continuous current transformers, four feeders; one for the 
Boulevard Barbés, one for the Gare du Nord, Paris, one for 
Asniéres, and one for Saint Denis. 

Cables.—Outside Paris, overhead wires on posts with in- 
sulators along the Northern Railway lines as far as the forti- 
fications. 

In Paris, insulated cables laid in troughs, with insulators. 

Accumulators.—Low power battery for regulations. 

Total Power.—600 kilowatts. 

Remarks.—The low-tension electrical energy is distributed 
about the neighbourhood to the Northern Railway works, to 
the Société pour le Travail des Métaux, to the Sleeping-Car 
Company, to the windlasses, &c. 


The Bondy Station, 70, Rue de Bondy. 


Boilers.—Four Belleville boilers, each giving 1,500 kg. of 
steam per hour, at a pressure of 15 kg. to the square centi- 
metre. 

Engines. — Four Weyher & Richemond triple-expansion 
vertical engines of 150 H.P. at 160 revolutions per minute, 
driving the dynamos by belts. 

Dynamos.—Four Desroziers dynamos, 750 a., 130 volts, 
or 97°5 kilowatts, at 260 revolutions per minute. 

System of Distribution.—Feeders with 2 wires. 

Cables.—Cables of naked copper laid on porcelain insu- 
lators in concrete troughs. 

Accumulators.—Battery of 67 elements, supplied by the 
Société pour le Travail Llectrique des Métaux, of a capacity 
of 11 kilo-ampére-hours. Normal output 700 amperes. 

Total Power.—400 kilowatts (dynamos), 91 kilowatts 
(accumulators). 


The Filles-Dieu Station, 13, Rue des Filles-Dieu. 

Boilers.—Four boilers similar to those used at the Bondy 
station. 

Enyines.—F our engines, similar to those used at the Bondy 
station, driving the dynamos direct by Raffard couplings. 

Dynamos.—Four Desroziers dynamos similar to those u 
at the Bondy station, at 160 revolutions per minute. 

System of Distribution Feeders with 2 wires. 

Cables.—Cables of naked copper, laid on porcelain insu- 
lators in concrete troughs. 

Accumuiators.—Battery similar to the one used at the 
Bondy station. 

Total Power.—Four hundred kilowatts (dynamos), 91 
kilowatts (accumulators). 


The Gare du Nord Station, 188, Faubourg Saint Denis. 

Boilers.—Two boilers similar to those used at the Bondy 
station. 

Engines. —Two Weyher & Richemond triple expansion 
vertical engines of 150 H.P. at 160 revolutions per minute, 
driving the dynamos directly. : 

Three Marcel Deprez double ring continuous current 
electro-motors, 2,400 volts, 30 ampéres, at 600 revolutions 
per minute. 

Dynamos.—T wo Desroziers dynamos, similar to those at 
the Bondy station, at 160 revolutions per minute. 

Six Edison 2-pole dynamos, 175 volts, 250 a, or 44 
kilowatts, worked directly by the motors by means of 
Raffard couplings, two on each receiver. ; 

System of Distribution.—Feeders with 2 wires. j 

Cables.—Cables of naked copper on porcelain insulators in 
concrete troughs. : 

Accumulators.—Battery of 67 elements, similar to the one 
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used at the Bondy station of 9 kilo-ampére-hours. Normal 
output 500 amperes. 

Total Power—One hundred and ninty-five kilowatts 
(dynamos), 70 kilowatts (accumulators), 260 kilowatts 
(dynamos). 

Remari:s.—The Bondy, Filles-Dieu, Gare du Nord, 
Barbés, and la Villette stations are all connected in parallel 
with the system of distribution. 


The Barbes Station, 11, Boulevard Barbes. 


Boilers.—None. 

Engines.—Four electromotors, similar to those at the 
Gare du Nord Station, each working directly two dynamos. 

Dynamos.—Four Edison dynamos similar to those at the 
Gare du Nord, four Breguet 2-pole dynamos, 150 volts, 300 a., 
or 45 kilowatts. 

System of Distribution.—Feeders with two wires. 

Cables.—Cables of naked copper on porcelain insulators in 
concrete troughs. 

Accumulators.—Battery of 67 elements similar to that 
used at the Bondy Station of 3°3 kilo-ampere-hours. Normal 
output 500 ampeéres. 

Total Power.—356 kilowatts (dynamos), 65 (accumulators). 


La Villette Station, 1, Quai de la Loire. 


Boilers.—Two Belleville boilers, each giving 1,500 kg. of 
steam per hour at a pressure of 15 kg. to the square centi- 
metre. 

Engines.—Two Weyher & Richemond vertical engines 


of 150 H.P. at 160 revolutions per minute, driving the 


dynamos directly by means of Raffard couplings. 

Dynamos.—T wo Desroziers dynamos, 750 a., 130 volts, or 
97°5 kilowatts at 160 revolutions per minute. 

System of Distribution.—Feeders with two wires. 

Cables.—Cables of naked copper on porcelain insulators in 
concrete troughs. 

Accumulators.—Battery of 67 elements similar to that used 
at the Bondy Station of 6 kilo-ampére-hours. Normal out- 
put 700 ampéres. 

Total Power.—200 kilowatts (dynamos), 86 kilowatts 
(accumulators). 


Tue Cuamps-ELysEES SecToR CoMPANY. 


Central Station, Quai Michelet, at Levallois-Perret on the 
Banks of the Seine. 


Boilers.—Five Galloway boilers, each producing 3,000 kg. 
of steam per hour, with a Green economiser at a pressure of 
6 kg. to the square centimetre. 

Engines.—Two Farcot horizontal condensing engines 
of 600 H.P. at 60 revolutions per minute. 

Two similar horizontal engines of 300 H.P. at 60 revolu 
tions per minute. 

Dynamos.—Three Hillairet-Huguet alternators of 133 a. 
and 3,000 volts, or 400 kw., with a frequency of 40 periods 
per second, driven directly. Revolving field-magnets. 

Three Hillairet-Huguet exciters with eight poles, 100 a., 
160 volts, or 25 kw. 

System of Distribution.—Alternating current feeders at 
8,000 volts. 

Cables.—Berthoud-Borel lead-covered armoured concentric 
cables, laid directly in the ground and supplied by the Cail 
Company, Paris. 

Transformers.—Transformers installed on the premises of 
consumers in special chambers with derivation circuit- 
breakers. 

Total Power.—1,200 kilowatts. 

Remarks.—The present station is established on the banks 
of the Seine, with all the space required and all the necessary 
appliances. The power can easily be increased. 


THe Lerr Bank Sector Company. 
Central Station, 4, Place Sainte-Genevieve. 


Boilers—Two Collet boilers, each giving 1,000 kg. of 
steam per hour at a pressure of 6 kg. to the square centi- 
metre. 

Engines.—Two steam engines of 60 H.P. 

Dynamos.—Three Oerlikon dynamos of 300 a. and 110 
volts or 33 kilowatts. 

System of Distribution.—Feeders at 110 volts. 


Cables.—Insulated lead-covered cables laid in the ground. 

Accumulators.—Two batteries of 60 accumulators of 800 
ampére-hours. 

Total Power.—100 kilowatts. 

Remarks.—In course of installation. 

The sector is to be supplied from a central alternating 
current station to be established at Ivry. The present 
station temporarily effects the distribution through a few of 
the neighbouring districts. 


Tue Paris CompressepD AIR COMPANY. 


The distribution throughout the sector is at present 
effected by continuous currents :— 

I, By a high tension system. 

II. By a low tension system. 

. The high tension system comprises :— 

. Central stations. 

. Richard-Lenoir. 

. Saint-Fargeau. 

Coupled in series, 3,000 volts. 


B. Sub-stations. 

1. Saint-Roch. 

Rotatory transformers with 5-wire distribution on a 
secondary system. 

2. 25 sub-stations in Paris. 

Accumulators with secondary systems and rotatory trans- 
formers. 

II. The low tension system comprises :— 

a, The Bourse du Commerce station. 

Distribution at 110 volts, special system at 1,500 volts for 
arcs connected in series. 

B. The Rue des Jetineurs station. 

Distribution at 110 volts. 

y. The Retiro station. 

Distribution at 110 volts, special system at 2,500 volts for 
arcs connected in series. 

The present arrangements are undergoing a complete 
transformation. 

High Tension System. 
Richard-Lenoir Central Station, 35, Boulevard Richard- 
Lenoir (Primary). 

Boiiers.—Four Babcock and Wilcox boilers, each pro- 
ducing 3,000 kg. of steam per hour at a pressure of 12 
kg. to the square centimetre; two Collet boilers, each 
producing 2,500 kg. of steam per hour at a pressure of 
10 kg. to the square centimetre. 

Economisers and purifiers. 

Engines.—Four Weyher & Richemond triple expansion 
vertical steam engines of 300 H.P. at 135 revolutions per 
minute ; one Duvergier horizontal condensing steam engine 
of 500 H.P. at 70 revolutions per minute ; one Duvergier 
horizontal steam engine of 120 H.P. at 70 revolutions per 
minute. 

Dynamos.—Eight Desroziers dynamos of 400 volts, 
250 amperes or 100 kw., with eight poles, at 135 revolutions 
per minute, driven directly by means of Raffard couplings ; 
2 Desroziers dynamos, similar to the last, worked by 
belis; 10 exciting dynamos driven by belts; 5 Thury 
dynamos of 100 a., 100 volts or 10 kw., at 800 revolutions 
per minute ; and 5 Sautter dynamos of the same power at 
the same angular speed. 

System of Distribution, — Distribution by groups of 
accumulators or transformers placed at various points in the 
sector (sub-stations) and charged in series. 

For charging, the two stations Richard-Lenoir and 
Saint Fargeau, are coupled in series. The charge is 
250 a., and the difference of potential varies up to 3,000 
volts. 

Cables.—Insulated cables placed in casings of paraffined 
wood, these casings being laid in cast-iron troughs in the 

und, 

Total Power.—1,000 kilowatts (dynamos). 


The Saint-Fargeau Central Station, 8 and 10, Rue Saint- 
Fargeau (Primary). 
Boilers.—Ten Cornwaldt boilers, each producing 8,000 kg. 
of steam per hour at a pressure of 8 kg. to the square centi- 
metre. 
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Five Paxman boilers, each producing 2,500 kg. of steam 
per hour at a pressure of 8 kg. to the square centimetre. 

Engines.—One horizontal two-cylinder Cockeril steam 
engine, of 500 H.P. at 42 revolutions per minute. 

One similar steam engine. 

Three similar steam engines. 

Two Willans engines of 28 H.P. at 550 revolutions per 
minute. 

Dynamos.—Two dynamos supplied by the Société Alsaci- 
enne (Belfort), of 250 a., 500 volts, or 125 kw. at 180 
revolutions per minute. 

One dynamo similar to the above, and one Edison dynamo 
of 250 a., 400 volts, or 100 kw., at 160 revolutions per 
minute. 

Three Thury dynamos of 250 a. and 1,000 volts, or 250 
kw., at 220 revolutions per minute. 

Two Thury dynamos of 40 a. and 200 volts, or 8 kw. at 
550 revolutions per minute (for excitation). 

Cables.—Insulated cables placed in casings of fined 
wood, these casings being laid in cast-iron troughs in the 
ground. 

Total Power.—1,100 kilowatts (dynamos). 


Saint-Roch Sub-station, 26, Rue Saint-Roch (Secondary). 


Engines.—Twelve Thury electro-motors of 80 kw. at 
400 revolutions per minute, connected four in series on the 
system, three in lel. 

Four Thury electro-motors of 40 kw. at 400 revolutions 
per minute. 

Dynamos.—Twelve Thury dynamos of 600 a. and 120 
volts, or 72 kw., worked directly by the electro-motors by 
means of Raffard couplings. 

Four Thury dynamos of 300 a. and 120 volts, or 36 kw., 
worked as described above. 

System of Distribution Secondary system of distribution 
at 440 volts by 5 wires (four 110 volts). 

Cables. — Lead-covered armoured Siemens cables, laid 
directly in the earth. 

Transformers and Accumulators.—Twelve Thury continu- 
ous current transformers of 80 kw., and 4 of 40 kw. 

Two batteries of 260 Tudor elements of 2,000 ampére- 
hours branched on 440 volts. 

Eight Tudor batteries of the same capacity, four in series, 
two in parallel of 67 elements each. The four batteries of 
the intermediate wires have 75 elements for reductions. 

Total Power.—1,000 kw. (transformers), 200 (accumu- 
lators). 

Sub-Stations in Paris (25 in number). 

Engines.—In some sub-stations Thury electro-motors. 

_ Dynamos.—In some sub-stations Thury dynamos (con- 
tinuous current transformers). 

System of Distribution.—Secondary systems of distribation 
at 110 volts with two wires, some connected in parallel. 

Cables.—Insulated cables placed in casings of paraffined 
wood, the casings being laid in cast-iron troughs in the 
ground. 

Transformers and Accumulators.—Batteries of accumu- 
lators, varying in number, scattered over the 25 sub-stations. 
The batteries are coupled in parallel as required. Some sub- 
stations are furnished with continuous current Thury trans- 
formers. 

Low-tension System. 


a. Bourse du Commerce Station, under the Bourse. 


Engines.—Two Farcot compressed air engines of 75 H.P., 
coupled on the same axle, at 70 revolutions per minute. 

One Farcot compressed air engine of 160 H.P., at 52 
revolutions per minute. 

One Daix horizontal compressed air engine of 150 H.P. at 
160 revolutions per minute. 

Dynamos.—One Desroziers dynamo of 800 a. and 125 
volts, or 100 kw., at 160 revolutions per minute. 

One dynamo similar to the above. 

One Desroziers dynamo of 250 a. and 400 volts, at 160 
revolutions per minute. 

One Thomson-Houston dynamo of 7 a., 1,500 volts, or 
10°5 kw. 

System of Distribution.—Distribution at 110 volts. 
Distribution at 1,500 volts for arcs in series. 
Cables.—Insulated cables placed in casings of paraffined 


wood, these casings being laid in cast-iron troughs in the 
ground. 

Accumulators.—Two batteries of 67 accumulators of 
2,100 ampére-hours, supplied by the Sociééé pour le Travail 
Eectrique des Meétauz. 

Total Power —310 kilowatts (dynamos), 30 kilowatts 
(accumulators). 

Remarks.—The stations of the Bourse du Commerce and 
the Rue des Jetineurs are to be converted into transforming 
stations like the Saint-Roch station, with rotatory trans- 
formers and systems of secondary distribution with five 
wires. All the other sub-stations will disappear, and also 
the Retiro station. 


B. The Rue des Jeineurs Station, 14, Rue des Jetineurs, 

Engines.—Two horizonal compressed air engines of 
75 H.P., at 90 revolutions per minute. 

Two Paxman compressed air engines of 50 H.P. at 125 
revolutions per minute. 

Dynamos.—One Thury dynamo of 400 a. and 125 volts, 
or 50 kw. at 600 revolutions per minute. 

One Thury dynamo of the same power at 400 revolutions 
per minute. One Thury dynamo of 250 a. and 125 volts, or 
31 kw. at 600 revolutions per minute. 

One Edison dynamo of 240 a. and 125 volts, or 30 kw. 
at 900 revolutions per minute. 

System of Distribution—Distribution at 110 volts. 

Cables.—Armoured cables. 

Total Power.—160 kilowatts (dynamos). 


The Retiro Station, 35, Rue Boissy d’ Anglas. 


Engines.—Three horizontal compressed air engines of 50 
H.P. at 90 revolutions per minute. 

Three Paxman compressed air engines of 50 H.P. at 52 
revolutions per minute. 

Dynamos.—Three Rechniewski dynamos of 400 a. and 
125 volts, or 50 kw. at 300 revolutions per minute. 

Three Thomson-Houston dynamos of 2,500 volts and 10 a., 
at 820 revolutions per minute. 

System of Distribution.—Distribution at 110 volts. 

Distribution in series at 2,500 volts for arc lamps. 

Cables.—Insulated cables placed in casings of paraffined 
wood in cast-iron troughs. 

Insulated lead-covered cables in cast-iron pipes. 

Total Power.—225 kilowatts (dynamos). 

Remark.—The Retiro Station was established for feeding 
the arc lamps of the great Boulevards (Madeleine) and the 
Rue Royale, and also for supplying some important con- 
sumers in the neighbourhood. 


RESEARCHES INTO THE ELECTROMOTIVE 
PHENOMENA OF PHYSIOLOGY. 


“Ir is time to protest vigorously,” says Mr. St. George 
Mivart, “against the statement that the several departments 
of science should each be kept ‘carefully apart’ from the 
highest department of science—from that which alone gives 
validity to every other.” Such a statement is really as 
absurd as it would be to say that arithmetic should be kept 
carefully apart from the philosophic conception of number 
and geometry from that of extension. We entirely agree 
with this protest. The impossibility of teaching physical 
science, for example, in terms of mere phenomena, has seldom 
been more strikingly illustrated than in Prof. Pearson’s recent 
work on physics—an attempt to effect the impossible. Our 
present day leaders in science have still much to learn as 
regards method before they will realise that progress which, 

resumably, is their great aim and object. To the physio- 
ogists, amongst others, we would also recommend this view, 
for it is becoming almost daily more apparent that no true 
conceptions of the life processes will be attained, and no real 
advance effected until they recognise that electricity and 
chemistry are inseparably bound up with what they are 
pleased to designate the science of life. 

Mr. E. Waymouth Reid is a physiologist who has cut 
himself adrift from the antiquated methods which continue 
to fetter the energies of other investigators in his special 
field of research. And why not? Inso many instances of 
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pigrisiegion! action has it been demonstrated that there is 
a development of electromotive force that one almost expects 
to find an electrical expression of any essential vital pheno- 
menon that may come under consideration. In muscle and 
nerve the story has been studied now for time enough, 
und the mass of our’ knowledge of the processes under- 
lying the development of electricity in animal tissues, 
culled from these, forms the real & upon which the 
generally accepted theory of the subject mainly rests, and 
the standard to which the points of the most recent 
discoveries are frequently referred. What knowledge we 
have of the electrical events taking place in secreting cells 
is, however, of fairly recent date, and although the accumu- 
lation of facts is considerable, their interpretation is as yet a 
matter of great difficulty. 

In a recent number of Science Progress there is an 
admirable paper by Mr. Reid, in which he reviews our know- 
ledge of the electromotive phenomena of glands, and criticises 
the theories which have been put forward by various experi- 
mentalists in order to explain them. Whilst it is impossible 
with the limited space at our command to follow the writer 
through the history of observed facts which he gives us, we 
may note the leading principles which have been discovered 
and deal briefly with the two most reasonable theories which 
have hitherto been put forward to account for the experi- 
mental data. 

Emil du Bois-Reymond in 1851 discovered that the skin 
of the frog was itself a source of electromotive force which 
was altogether of too high a magnitude to be attributable to 
mere differences in chemical reaction between the parts to 
which the electrodes were applied. Finding that the removal 
of the layers which contained the glands abolished the current, 
he concluded that the glands of the skin were a source of 
electromotive force with ingoing current.* Rosenthal con- 
firmed the truth of this observation, and further demonstrated 
that a similar current could be derived from both the acid 
stomach and the alkaline gut of frog and rabbit. Such cur- 
rents, probably of glandular origin, were known as “currents 
of rest.” It was now necessary to obtain evidence of “ currents 
of action” as the result of excitation of the nerves of the skin 
glands. Valentin and Roeber, especially the latter, soon 
supplied this evidence. The latter observed an outgoing 
“current of action” (that is a negative variation of the cur- 
rent of rest) to be the rule, though the matter was compli- 
cated by the occasional appearance of an ingoing current. 

The matter next became the subject of a masterly research 
by Engelmann, who came to the conclusion that the current 
of the resting skin derived its E.M.F. from the fibres of the 
contractile sheath of the glands, and this E.M.F. he con- 
sidered as the “Triebkraft ” for the passage of fluid across 
the living cells in an act of secretion. It must here be 
observed that Hermann, who studied this subject, arrived at 
a conclusion quite opposed to finding of Engelmann, since 
he got as a normal direction of the “current of action” 
the ingoing direction. Bach and Oehler continued Her- 
mann’s work, using drugs for stimulating the glands, and 
their results led Hermann to formulate a distinct theory of 
the electromotive action of the skin, which defined it as quite 
epidermic in origin. Bayliss and Bradford, who subsequently 
investigated it, concluded that the “rest current” of the 
frog’s skin is partly epidermic and partly glandular. Time 
of year is also considered by these observers as an important 
factor as regards the nature of the action current, outgoing 
currents predominating during and just before the breeding 
season, while, during the rest of the year an ingoing phase 
is the rule. 

Similar observations to those above recorded have been 
made by Luchsinger and others, the objects of investigation 
being the sweat glands of the cat’s foot ; the lingual glands 
of the frog ; the glands on the snouts of the pig, goat, cat 
and dog, and the salivary glands of the catand dog. The last 
named were investigated by Bayliss and Bradford, and the 
net conclusions which they arrived at were that the outgoing 
secretion current, co marked in free flows of saliva, is electro- 
capillary in origin, while the ingoing secretion current is 
produced during the metabolic cell events necessitated in the 


__ © Ingoing and outgoing applied to gland currents have the follow- 
ing significance: ingoing current means a current reversing in the 
gland from neck to base, i.c., neck galvanometrically negative to base, 
outgoing has, of course, the opposite meaning. confusion arises 
from the use of these terms than from that of the terms — and +.) 


elaboration of the organic constituents of the saliva. This 
is one of the most important of the explanations yet offered. 

There appeared last year a paper by Biedermann, in which 
the electrical phenomena in several cases of mucous 
glands are detailed, and the results are apparently so 
consonant, that the work not only carries considerable 
weight, but the theory of actions must certainly rank as one 
of the best put forward, especially as it tends in the case of 
the frog’s skin to reconcile some of the opposing. results 
obtained by Roeber and Engelmann on the one hand and 
Hermann on the other. Briefly, the theory is as follows :— 
Adopting Hering’s extension of the alteration theory, viz., 
that alterations in metabolism, rather than of chemical com- 
postion in protoplasmic continuity, lie at the root of vital 
electrical changes, Biedermann points out that in the gland 
cell we have a structure pre-eminently liable to variations 
from the balance between constructive and destructive events. 
That part of the protoplasm of the cell engaged in the 
elaboration of the secretory products, though ordinarily the 
seat of an excess of katabolic over anabolic activity, must at 
the same time be in a highly unstable state, and liable under 
certain conditions to an overthrow of balance to the opposite 
side. The electrical sign of a part in which katabolism is 
in excess of anabolism is negative as contrasted with that of 
a balanced part; more negative still to a part where ana- 
bolism is in excess of katabolism, and, of course, vice versd 
as regards positivity. Thus, it is supposed, differences of 
potential may be originated in the cell as the result of its 
vital processes, and the cell current will depend, as regards 
its direction, upon the predominance of either one or the 
other processes, and the relation of the resultant condition to 
that of the rest of the protoplasm. The act of production of 
the secretion by the cell is one in which katabolic action is 
in the ascendant, so that that part of the cell in which the 
secretion is occurring should be negative to the deeper parts 
with a resultant ingoing current when put in circuit; and 
upon this hypothesis Biedermann explains the ingoing 
“current of rest,” as being the electrical expression of a 
continuous and predominantly katabolic activity. As re- 
gards the ultimate nature of these processes, secretions of 
water is suggested as the katabolic process, since in cases in 
which a mucous surface is found bedewed with secretion 
the electromotive force of its “current of rest” is always 
higher than when it is dry, and as the anabolic process—the 
building up of complex organic paraplasm. 

Mr. Reid then details a number of experiments which give 
results confirmatory of Biedermann’s theory, Bohlen’s 
experiments with mammals are also cited on the same side. 

A word must now be said as regards what is probably the 
highest development of electromotive force in glandular 
tissue. Fritsch has maintained that the electrical organ of 
the fish Malapterurus is constructed of a mass of glandular 
cells, known as “club cells,” and derived originally from the 
overlying skin, in which in the adult many are to be found. 
The theory is extremely probable, but, unfortunately, as yet 
lacks embryological basis. These “club cells” are present 
in the epidermis in other fish along with “ goblet cells,” and 
it has recently been pointed out in the case of the skin of the 
common eel, that while the “action current” of a part rich 
in “goblet cells,” and clear of “club cells,” such as the lip, 
conforms in its conditional modifications to that described by 
Biedermann for ordinary mucous surfaces, the current from 
the body skin, which is richly set with “club cells,” but 
sparsely so with “goblets,” does not agree with Biedermann’s 
story, but gives an ingoing “action current” to a stimulus 
that elicits an outgoing current in the mucous lip. The 
discharge of J/alapterurus is peculiar in that the nervous 
sides of the electrical discs become positive to the non- 
nervous, and the observation as regards the direction of the 
action current of the club cells of the eel just mentioned, 
gives physiological backing to Fritsch’s idea and would serve 
to explain the anomalous direction of the “shock.” 

A criticism of the various theories which have been 
advanced is next indulged in by Mr. Reid, and his conclusion 
is that only two of these theories are worthy of being taken 
seriously, namely that of Biedermann and that of Bayliss and 
Bradford. The respective points in these theories are set out 
and compared, with the result, we think, of showing that 

nally Mr. Reid is unable, in the present state of our 
owledge, to choose between them, although there is 
evidence of a leaning in favour of Biedermann’s hypothesis. 
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For ourselves we opine there is much that is attractive and 

reasonable in each theory, and we look forward to a time, in 

the immediate future, when a rational explanation of these 

electromotive phenomena shall be set forth, which will 

probably be evolved when the two rival theories have been 

— to further tests by means of new experimental 
ata. 

One thing is quite clear: the review which Mr. Reid gives 
of the researches into the electrical aspect of physiology and 
the copious bibliography which he appends to his article 
shows that this interesting subject is being rescued from the 
quacks and charlatans who have used it for so many years as 
their happy hunting ground. Earnest scientists with the 
qualifications of genius for their work are now exploring 
those hidden life processes which, till now, have only been a 
sort of shibboleth to conjure with in certain quarters. In 
this, as in so many other things, science will triumph over 
imposture, though no set effort be made; and the end 
seems to be not far distant. 


CORRESPONDENCE. 


Theory and Practice in Electrical Engincering. 
Those of your correspondents whose letters have lately 
appeared in the Review, seem only to have considered 
the merits of the continuous and alternating current, as 
regards first cost of plant, and they have said nothing about 
the question from the consumers’ point of view. 
The supply of electricity, as far as London is concerned, 


is fairly well divided between the two systems, and these - 


have now been in use sufficiently long to enable one to form 
an impartial comparison as to their suitability from the con- 
sumers’ point of view. 

The current furnished by the three large direct supply 
companies has been uniformly steady and regular from the 
commencement, and what is of more importance, there does 
not appear to have been a breakdown on any of their impor- 
tant sections; the current can be used for any purpose for 
which electricity is required. 

On the other hand, the magnificent “earths” thrown in 
with their supply by the three-wire companies is a weak 
point, and must before long lead to tronble to all concerned. 

As regards the alternating concerns, the London Company 
has certainly managed during the past 12 months to get 
along without any serious breakdown, but still the current 
provided is not by any means free from variations and 
characteristic disturbances. 

The regulation of the West End circuits of the Metropo- 
litan Company cannot be said to be satisfactory, or, indeed, 
anything like as good as that of the direct supply companies, 
and the frequent variations of pressure and “ blinks”— 
caused, no doubt, by the system of regulation in use—have 
been very evident to those supplied by that company, while 
as to extinctions, only in your last issue there was a notice of 
a failure for a quarter of an hour of one of the most impor- 
tant sections in Oxford Street. 

The recent breakdown of the alternating supply in the 
City will be fresh in the minds of your readers. 

On the whole, therefore, there seems to be no doubt that 
those who draw their electricity from the direct current 
mains obtain a much more regular and reliable supply than 
those who trust to the alternating companies. The latter do 
not by any means furnish such a regular and steady light as 
that provided by the continuous companies, and, in view of 
past experience, no one can honestly say that the alternating 
current is reliable, or the direct current the reverse. 

In comparing the two, other objections must occur to the 
minds of your readers. The difference in E.M.F. between 
light load and full load of converters, is one; the rentals, 
again, demanded by the alternating companies for their 
primary apparatus are an important addition to the yearly 
bill for electricity, while the effect of the alternating current 
on telephones and other instruments of that nature, is 
another objection. 

It is also a nuisance that two of the alternating companies 


‘do not appear to be able to join on additional lights without 


cutting off the current from the high pressure main supply- 
ing that particular section. 


And then comes the question of motors ; to the direct cur- 
rent motor, properly made, there is no objection, and numbers 
are in use in London. The writer is unaware of any alter- 
nating motors in use, commercially, at the present moment, 
and when these motors come into use, it will be interesting 
to know how it will be possible to vary their speed, which is 
naturally high, and how it will be proposed to prevent the 
motors from dropping out of phase every time the generating 
machines at the station are changed over, as must happen 
from time to time. 

The existing meters, also, used by the majority of alter- 
nating companies, will not register correctly the power 
absorbed by motors, arc lamps, choking coils, and other 
apparatus of a like nature. 


In his letter published in your issue for the 7th inst., Mr. 
Rankin Kennedy assumes that at Scarborough we have only 
feeders working at high pressure, and that our distribution is 
all done at low pressure. No doubt this assumption is very 
convenient for his contention ; but, unfortunately for his 
argument, ic is altogether incorrect. 

In the first place, as a matter of fact, we have no feeders in 
the proper sense of the word at all, as we tap off for isolated 
consumers at points distributed along the full length of our 
high tension mains; and, secondly, our low tension distri- 
buting mains are confined to only two or three streets in a 
small portion of the town. Indeed, though 107 out of the 
186 separate consumers that we are now supplying are con- 
nected to these low pressure distributing mains, many of 
these are very small consumers, and the greater bulk of the 
lamps that we supply—6,310 out of a total of 11,038 equi- 
valent 8 C.P. lamps—are fed from isolated transformers 
located on the consumer’s own premises, and connected, in 
some cases, to the same high tension mains that feed the low 
pressure system. 

To give any really clear idea of how impossible it would 
have been at anything approaching the actual capital cost of 
our existing system, as given below, to have supplied our 
present consumers from any low tension distributing network 
fed by feeders either with or without transformers, would 
necessitate giving a lurge scale map of the town showing the 
positions of our various consumers in relation both to one 
another and to the generating station. Such a course is 
obviously out of the question, but some idea of what this 
would mean may be gathered from the fact that on any such 
system we should still require nearly the whole of our exist- 
ing high tension mains—10,173 yards in length—for use as 
feeders, and, in addition, practically unother 10,173 yards of 
low tension distributing mains. This, in itself, would mean 
about doubling the expense, but with low tension there would 
be a further large iucrease in cost, owing to the feeders 
having to be of sufficient section to transmit the required 
amount of energy at, say, 200 volts, instead of at 2,000. 

As against this great increase in capital cost, there would 
no doubt be some saving in the cost of the transformers, but 
the amount of such saving would be a mere fraction of the 
total extra expense. No doubt, where it can be carried out 
at reasonable cost, the low pressure network, fed either by 
transformers or by continuous current feeders, is the right 
system to adopt; but, under the conditions obtaining at 
Scarborough, the cost of such a sysiem would have been 
timply prohibitive. 

The above will make it clear that no such comparison as 
Mr. Rankin Kennedy suggests between tne system actually 
employed at Scarborough, and a low tension network fed by 
low tension feeders, is possible. It may, however, all the 
same, be interesting if I give the actual cost of the system 
as it exists. The figures are as follows :— 

Low Pressure Distributing Mains. 


2,519 yards of pipes, including boxes and laying... £850 
£1,856 


High Pressure Distributing ant Fealing Mains. 
10,173 yards of pipes, including boxes aud laying £3,650 


£5,784 


Transformers and earthing devices ... ove oo. £1,867 
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It should be mentioned that throughout the pipes are of a 
size that will admit of additional cables being pulled in as 
required. The total for high and low pressure mains, trans- 
formers, boxes, and earthing devices, thas comes to £9,507. 
We have now 11,038 equivalent 8-C.P. lamps connected, so 
that the total for mains, transformers, &c., works out at only 
17s. 2d. per lamp. Having regard to the considerable dis- 
tances we cover, does Mr. Rankin Kennedy venture to 
suggest that anything like this low figure could be attained 
with low tension? If so, will he give some figures showing 
how he would propose to effect it? 

So far I have dealt only with the more important 
question of mains, but Mr. Rankin Kennedy also assumes 
that in either alternating or continuous current systems, 
the cost of the power house and generating plant is the 
same. I venture to assert that in practice this is not 
the case, owing to the considerable loss of energy that has to 
be allowed for in the low tension feeders at the times of 
maximum demand. It is a point frequently urged against 
the high tension transformer system that with it the all day 
efficiency is low, and consequently the working expenses are 
a aang high, for the reason that the percentage of 
oss is higher during the long hours of light load than during 
the comparatively short hours of heavy load, while with low 
tension the loss is only great during the short period, and is 
little dnring the long one. No doubt, so far as working 
costs are concerned, this is an important point against the 
use of alternating currents. When we come to capital cost, 
however, this consideration works all the other way. The 


After all, the proof of the pudding is in the eating, and 
when the balance-sheet of the Scarborough Company is made 
public in due course, it will be found that we have earned a 
substantial profit during our first year of working, a result 
which few low tension companies anywhere can boast of, and 
one which I venture to assert no low tension company could 
possibly have arrived at in the case of Scarborough without 
a very much larger capital expenditure than ours. 

A. A. C. Swinton. 

December 25th, 1894. 


Accumulators for Traction Purposes. 


Mr. Epstein is very kind in informing us of what is well 
known, but he does not tell us how a single per cent. can be 
gained. We know all abovt what storage cells willdo; what 
is wanted is to get more out for a given weight and not to 
have such an enormous loss. I do not think the present 
cells give 10 per cent., if they do that. I, for one, shall be 
much interested to hear your reply to Mr. Epstein’s remarks. 


E. Hancock. 
[It is difficult to follow either Mr. Hancock’s percentages 
or his reasoning, so we simply refer him to our reply to Mr. 
Epstein’s criticism.— Eps. Euec. Rev.] 
We have received two letters on “Small Dynamos: Their 
Construction,” which we are compelled to hold over until 
next week. 


Tue Cargpirr ExEctrican Works. 


power of boilers, engines and dynamos, and the house re- 
quired to contain them, have to be regulated by the maximum 
power that they may be required to develop. Owing to the 
excellent efficiency of transformers at full load, and the com- 
paratively small losses that can be insured with high tension 
mains, this maximum power, in the case of high tension 
alternate currents need, even in a place like Scarborough, 
be very little in excess of the power actually delivered to the 
lamps. With low tension, on the other hand, there is the 
loss in the feeders, which is greatest when the demand is most, 
and when, consequently, the strain on the generating plant is 
at its maximum. 

It follows from this that in places where the distribution 
covers considerable distances, unless feeders of abnormal size 
and great cost are employed, the low tension system necessi- 
tates an appreciably greater maximum power and propor- 
tionately greater capital cost in génerating plant and buildings 
than does the alternating high tension system. 

The efficiency of any electric lighting system is, no doubt, 
of the utmost importance; but so is also the question of 
capital cost, and efficiency may be bonght too dear. It is 
chiefly a question of interest on additional capital versus 
decreased running expenses ; but it is also one of obtaining 
this additional 


THE “CARDIFF ELECTRICAL WORKS.” 


Some little confusion has been created in Cardiff by the 
similarity in names of the recently opened Corporation works 
and the old-established manufacturing works of Mr. Sydney 
F, Walker. At a recent meeting of the Cardiff Town 
Council Mr. Massey, the consulting engineer to the Cor- 
poration, complained that 


Young fellows frequently called at his office, or at the electrical 
station, in response to advertisements stating that premium pupils 
were wanted for the Cardiff Electrical Works. This conveyed the 
impression that it was the Cardiff Corporation Works. 

Alderman Jacoss: Is there another Cardiff Electrical Works ? 

Mr. Massey: I have no knowledge of any. 

Mr. Harpur said there was a place called the Cardiff Electrical 
Works in the town. 

Mr. Massey said a man could make a good thing out of premium 
pupils if he only had enough of them, but it was using the name of 
the Corporation Works. 

Alderman Jacoss said it was very misleading. 


Mr. Sydney F. Walker very properly replies to this in a 
recent issue of the South Wales Daily News. We cannot 
do better than reproduce the letter :— 


Sir,—I am sorry that the name of my works has put the corpora- 
tion to any inconvenience; we also have experienced considerable 
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anoyance from the numerous applicants that have applied to us for 
appointments. These works were named several years before anyone 
dreamt that the corporation would go in for a lighting station of 
their own, and as the works have become known to a large portion of 
the English-speaking world in connection with our firm, it can hardly 
be altered now. If there is anything, too, in the fitness of a name, 
surely we who have been doing all kinds of electrical work in the 
district for the past 20 years are more entitled to the name than the 
corporation, who only do a small section, viz., generate current for 
lighting purposes. I suggest that the corporation should name their 
works, “ The Cardiff Corporation Electric Lighting Station,” and have 
the name widely published, when I feel sure the trouble will cease. 
Tam, &c., 
Sypngey F, 
Cardiff Electrical Works, 
December 19th, 1894. 


As we have already described and illustrated the Corpora- 
tion works, we may help to prevent future misconceptions 
by illustrating the exterior of Mr. Walker’s works. Unfor- 
tunately we have no description to present to our readers. 
Mr. Walker’s contention, however, that the works are old 
established seems to be quite borne out. There is, however, 
something in Mr. Walker’s suggestion that works like the 
Cardiff Corporation Station, which are mere suppliers of 
electricity, should say so, and not lead budding engineers 
astray by adopting names which would suggest that they 
=" general electrical work on the same scale as Mr. 

alker. 


NOTES. 


To Our Readers.—We have great pleasure in heartily 
wishing our readers a happy and prosperous new year. We 


trust the gloom which has been overhanging the electrical - 


industry, in common with other trades, for the past 18 months 
or more, is now rapidly passing away. 


Reddaway and Others v. Banham and Others,—In 
our legal columns we give a report of the judgment on 
appeal in this case, which is a most important and interesting 
one for business men, as the question at issue was as to the 
right of a producer to the sole use of a generic name for an 
article because he was first in the field with it. 


New Method of Obtaining Line Spectra,—The line 
spectrum of sulphur and many other bodies is usually 
obtained by passing a condensed spark through sulphur 
vapour, &c., under low pressure. It can, however, be 
obtained much more simply under ordinary pressure by pass- 
ing a condensed spark between two platinum wires or two 
carbon rods, the tips of which are covered with the substance 
whose line spectrum is to be ascertained. If the condenser 
is not used, the material inflames. Various metallic sul- 


phides may be successfully treated with the condensed spark. 


“ 4 Promised Surprise to the Electrical World.”—As 
we said last week, the daily press gives currency to a “great 
electrical discovery,” which is to revolutionise everything, and 
to produce enormous power at a trifling cost. The new primary 
battery, the invention of two inspired brothers of Clydebank, 
consumes its zinc plates at an astonishingly slow rate, and 
gives out immense power, in spite of the theoretical con- 
sideration that the zinc consumed in any battery cell is for a 
definite electromotive force and power a definite amount, a 
theory which stupid old scientists have had the effrontery to 
say has been proved over and over again; however, the two 
intelligent youths of Clydebank have upset all this, and have 
lighted an arc lamp at a Glasgow station with “one or two 
cells” of the battery as brilliantly as by the power supplied 
from the “ big dynamos.” ‘“‘ Newspaper science” has long been 
the scorn of scientific men, but it is nothing less than scan- 
dalous that something cannot be done when, through gross 
ignorance and carelessness, the public can be misled by the 
daily press into investing their money in concerns which, to 
put it very mildly, are nothing less than “wild cat ” schemes. 
“Should these sanguine hopes be realised,” says the Glasgow 
Citizen, “ it will be not a mere improvement, but a revolution 
in electrical science of vast and world-wide importance.” 
Doubtless this is so, but how are the public to know that 


these “sanguine hopes” are due either to ignorance of the 
grossest kind, or something worse ? Glasgow seems terribly 
behind the times, notwithstanding that it has in its midst 
the technical college over which Prof. Jamieson presides. 
Here in London we have had periodically the concealed 
primary battery, the secret depolarising powder, the whirling 
round of the little electromotor, the working of the sewing 
machine, and the great feat of running an arc lamp, year after 
year. It seems to have escaped notice, in Glasgow at least, 
that previous to the invention of the dynamo, the — 
of working an arc lamp was by means of a primary battery. 
It will be satisfactory to all good Scotchmen to learn that the 
battery objects to doing work on the Sabbath, and as Lord 
Kelvin has expressed himself as being rather sceptical as to 
there being anything in the supposed great discovery, we 
may conclude that the young gentleman (one of the 
brothers) who “has distinguished himself at school, and 
since in mathematics and electrical science,” has landed 
himself in the same hole from which so many previous 
primary battery inventors have emerged to find they have 
still something to learn. 


Niagara To-Day.—Prof. George Forbes, who has just 
returned from America, writes to the 7'imes under date 
Niagara Falls, December 10th, as follows :—‘“ Nearly three 
years ago you published a letter from this place in which I 
gave some account of how the dreams of the engineer were 
in the act of being realised, and without injury to the natural 
beauties of the spot. Three years have passed, my work is 
ended, and it seems natural to continue the narrative and 
tell what these three years have brought forth. I am perched 
on the top of a small Eiffel Tower, lately erected, and, cast- 
ing my eyes up the river, over the house-tops and beyond 
the town, I see a new world created. There is a wide canal 
leading water into that gigantic power house where three 
turbines are set up to drive three dynamos of 5,000 horse- 
power each. There is the bridge to carry cables across to 
the transformer house. Inside the power house the water is 
carried down pipes 7} feet diameter into the turbines, and 
thence it passes through a 7,000 feet tunnel under the town, 
emerging below the Falls, and capable of developing 100,000 
horse-power. Far as the eye can reach extend the company’s 
lands, with here and there a huge factory either now using 
the water power, or waiting for the electric supply. One of 
them uses 3,300 horse-power, another 300, a third one 1,500, 
and that unfinished mill requires 1,000. You can see, far 
away, the model village for working men, and improved 
sewage works with drainage, pumps for water supply, electric 
light, and well paved streets. There, again, is the dock 
where ships from all parts of the great lakes can unload, and 
there a huge expanse of reclaimed land ; while the whole is 
swept by the company’s railway, seven miles long, connect- 
ing every factory with the great trunk lines. The power is 
transmitted by electricity, and the first work is to produce 
aluminium with 1,500 horse-power. New types of machines 
have been devised for this work, as also for every other 
purpose. All criticism as to cost of electric works has been 
swept away by the results achieved, and the efficiency of each 
type of machine is greater than has been attained before. 
All the machinery for the first working has been made and 
tested in the shops, and the last parts are now being set up. 
The plans for carrying the power to Buffalo, 18 miles distant, 
arecomplete. Ina month or two factories will be in full opera- 
tion ; in a year Buffalo will be supplied ; in two years the same 
company will be working the Canadian side of the Falls, and 
in 10 years (shall we say?) the whole of the 100,000 horse- 
power which can be supplied by the existing hydraulic works 
will be giving power to smokeless manufacturing towns. 
The period of planning the transmission scheme, of design- 
ing the greatest dynamos in the world, and of construction 
of the first plant now closes. The financial period com- 
mences with the new year. The earning of dividends and 
the ordering of duplicate machinery is the future work of 
the company. In conclusion, it is difficult for me to say 
who were the boldest, the capitalists who embarked on the 
scheme before any plans were matured, or the manufacturers 
who moved their factories to this field before a single result 
had been achieved. The action of both was typically 
American, but their confidence was not misplaced. Their 
success is now assured,” 
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The Western and Brazilian Telegraph Company, 
Limited,—The following telegram has been received from 
Rio de Janeiro :—“ 26th, Budget Bill containing purchase 
clauses signed by President of Republic on Christmas Day.” 


French Colonial Telegraphs.—Considerable progress is 
being made with the length of telegraph line between Grand 
Bassam and Hon, which is situated at the mouth of the 
River Bandama. A distance of 140 kilométres has been 
completed. Only another 20 kilométres remains to be done, 
and the work will be finished as soon as a fresh stock of wire 
arrives. 


Electrical Fatality in Switzerland.—A workman in 
the employ of Messrs. Escher, Wyss & Co., Zurich, who, 
notwithstanding the notices placarded all abcut the works, 
and the special prohibitions of the foreman, had quite 
unnecessarily climbed upon the roof of the workshop, where 
the construction of petroleum vessels was carried on, 
touched the lighting cables with his head, and was instan- 
tancously killed. 


Lectures.—Mr. Henry A. Mavor read a paper, last week, 
before the Institution of Engineers and Shipbuilders at 
Glasgow, on “ A New Mining Motor.” 

On 17th inst. a lectare was delivered in Cult’s Free 
Church Hall, on “ Electric Light and its Production,” by 
Mr. Malcolm Walker, of the Northern Electric Supply Com- 
pany. Mr. Walker will lecture on “ Land and Submarine 
Electric Cables” on January 24th, 1895. 


Muirhead v. The Commercial Cable Company.— The 
result of the recent appeal against the judgment in this case, 
delivered early in the year, is satisfactory in so far that it 
has borne out our contention that the judgment was against 
the weight of evidence, and it has also resulted in the triumph 
of practice over theory, for on the side of the plaintiffs 
were ranged scientific experts, of whose theoretical knowledge 
no one could venture to question the weight, but whose prac- 
tical experience was distinctly limited, whilst the defendants 

referred to call for the defence men who have had actual 

nowledge of the matters under argument, albeit their theo- 
retical qualifications may not have been of such a high order 
as that of their opponents. The whole question it may, 
perhaps, be recollected, turned upon the use of a low resist- 
ance rheostat at the apex of the balancing bridge, which 
arrangement Mr. Justice Kennedy held “had undoubtedly 
o— better results than had ever been obtained before.” 

e ourselves hold that this is distinctly incorrect, and that 
practice has proved it to be so. The appeal has resulted in 
favour of the Commercial Cable Company, and in our opinion 
justly so; but the fact remains that (if we include Mr. 
Justice Kennedy) two judges decided on one side and two 
on the other, and therefore one does not feel entirely content 
with the conclusion, as a settlement by the cast of a die 
might have left the two parties as satisfied and as convinced 
of the justness of the final verdict as they are at present. 
When one considers the extremely intricate points of endless 
kinds which have to be understood by those in judicial posi- 
tions, one is filled with the greatest admiration for the extra- 
ordinary ability with which the subjects are grasped, and it 
would be surprising if mistakes were not occasionally made. 
Of the conscience of the “ expert witness” who is ready to 
argue with the greatest pertinacity and assurance for the side 
which may be fortunate (in some cases unfortunate) enough 
to secure him, the less said the better. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


Cruto Incandescent Lamp Company, Limited 
(41,297).—This company has filed its statutory return, which 
shows that out of a nominal capital of £5,000, in £1 shares, 
seven shares only have been taken up. There has been 
nothing either called or paid. 


Dutton & Co., Limited (29,259).—The yearly return 
of this company shows that out of a nominal capital of 
£60,000, in 500 preference and 5,500 ordinary shares all of 
£10 each, 285 preference and 2,810 ordinary shares have been 
taken up. The full amount has been called on the 285 pre- 
ference and 610 ordinary shares, and the payment accruing 
from these is £8,950. A total sum of £22,000 has been 
agreed to be considered as paid, £2,000 of which is the 
amount on 200 ordinary shares surrendered to the company 
by the vendor. 


E. Wallace & Co., Limited (41,218).—The statutory 
return of this company, made up to October 15th last, and 
filed on the 22nd of the same month, shows that out of a 
nominal capital of £1,000, in £1 shares, seven shares only 
have been taken up. Nothing has been called or paid. 


Railway and Industrial Syndicate, Limited (39,383). 
—The last return of this company shows that out of a 
nominal capital of £2,000, in £1 shares, 1,470 shares have 
been taken up, and that 5s. has been called on each. 
Nothing has been paid, and £367 10s. is outstanding. 


BUSINESS NOTICES, &c. 


Urgent.—Ali names, addresses and advertisements in- 
tended for insertion in the Universal Electrical Directory of 1895 
should be at once forwarded to the publishers, 22, Paternoster Row, 
London, E.C. 


Australia.—According to the Sydney Daily Telegraph, 
the intercolonial committee of electrical experts in connection witb 
the Intercolonial Electrical Conference, was held at Melbourne early 
in November. Their report, which is understood to recommend uni- 
formity of legislation in electrical matters throughout the colonies, 
will be forwarded to the various governments. The committee came 
to various decisions, which include the revision of the regulations 
applying to the supply and use of electricity for lighting and traction 
purposes. 

Belfast.—The electric lighting of the Belfast Industrial 
Exhibition, 1895, to be opened in the Liner Hall Grounds next 
March, has been placed in the hands of Messrs. Wm. Coates & Son, 
of Belfast, to be carried out under the supervision of their electrical 
engineer, Mr. E. 8. Dashwood. The contract includes the complete 
plant of steam and gas engines and dynamos, capable of supplying 
100 2,000-C.P. arc lamps and 1,000 16-C.P. incandescent lamps, which 
are to be distributed throughout the grounds and buildings of the 
Exhibition. This firm are also engaged upon several smaller con- 
tracts in the city and neighbourhood. 


Brighton.—Last week the Town Council resolved upon 
an expenditure for the extension of the electric light into certain streets. 


Coventry.—Tenders for electricity meters were recently 
received from the following firms:—The Westinghouse Electric 
Company, Limited; the General Electric Company, Limited; 
Charles A. Muller; the Electric Construction Cimpany, Limited ; 
Chamberlain and Hookham ; the British Thomson: Houston Company, 
Limited. The price to be charged for current for motive power pur- 
poses is to be 4d. per Board of Trade unit. 


Glasgow.—The new boilers and machinery installed by 
the postal authorities for the electric lighting of the building, and 
for working the pneumatic tubes, were tested in sitw under steam the 
week before last; and on Saturday, 15th inst., the permanent light- 
ing service was commenced. Pending the final rearrangement of the 
staff and office, however, only about one half the lamps will be 
supplied in this way until after Christmas, the remainder deriving 
current as heretofore from the street mains. The boilers were built 
by Messrs. Penman & Co., of Glasgow, and are of the Lancashire 
type. They are fitted with Vicars mechanical stokers. There are 
three 50-kilowatt Willans-Crompton steam dynamos, and two 50-H.P. 
Paxman horizontal engines for the air compressors. Messrs. D. 
Stewart & Co., of Glasgow, are responsible for the steam and other 
pipe work, pumps, &c., and the fine installation of 54 Brockie- 
Pell arc lamps, together with some 120 glow lamps, has been carried 
out by Messrs. J. and G. Graham, of Manchester. Mr. E. G. Rees is 
the engineer in charge under Mr. Ashton, the superintending engineer 
of the West Scotland district postal telegraphs. 


Hampstead.—On Tuesday last week, an important ex- 
tension took place, the —_ of several tradesmen in the High 
Street being lighted by electricity for the first time. 


Harrow.—A contemporary states that “in consequence 
of the decision of the public meeting held to consider whether or not 
the Board should go forward with the electric light scheme, the 
Local Board at their last meeting resolved to sell the right of the 
provisional order granted a few months ago to Messrs. Crompton and 
Hawtayne on the condition that these gentlemen pay the full cost the 
Board have been put to to secure the order. Messrs. Crompton and 
Hawtayne offered £300 for the provisional order, and agreed to sell 
the plant, &c., to the Local Board in seven years if the Board then 
desired to light the town themselves, subject, of courss, to certain 
conditions. 


— 
¥ f 
q 
¥ 
= 
wii 
ab 
i 
af 
iM 
4 


Vol. 35. No. 892, DecumBER 28, 1894.] 


THE ELECTRICAL REVIEW. 777 


Hove.—The surveyor, at the last meeting of the Com- 
missioners was instructed to prepare a report regarding the advisa- 
bility of lighting Church Road and some of the other principal 
thoroughfares of Hove by electricity. 


Islington,—Members of the St. Luke’s Vestry are com- 
plaining of the nuisance caused by the streets being opened for laying 
the electric light mains. 


Leicester.—The Corporation electric lighting scheme is 
now complete. On 20th inst. the electric light was turned on in 
several shops with which the connection has been made. Some of 
the mains for the electric light are not yet laid, but the installation is 
sufficiently advanced to enable the corporation to keep up the supply 
where the fittings are completed. 


Maidstone.—A member of the District Council has given 
notice that at the next meeting he will propose that the pro- 
visional order be put out for tender, as it is evident the Council 
intend doing nothing with it themselves. 


Business Announcement,— Mr. John Oliver, 50, 51, 
and 52, Great Sutton Street, E.C., informs us that he has sold the 
business of Newington, Priddle & Co., lately carried on by him, to 
Mr. R. K. Sinclair, of 20, Coleman Street, E.C. All accounts owing 
A outstanding to December 8th will be paid or received by Mr. 

ver. 


Change of Address,—The St. Martin’s Electrical Manu- 
facturing Company, Limited, inform us that they have removed their 
works to more extensive premises at 44, Blythe Road, West Kensing- 
ton, where they are putting down improved plant to deal with their 
increasing business. The office of the company is to remain at 
present at 6, Adam Street, Strand. 


Electric Avenue.—The Electric Avenue at Brixton was 
illeminated from the evening of the 18th inst. to Tuesday last on a 
much more extended scale than any of the previous Christmas 
illuminations produced there. The lighting of the street, which is 
about 600 feet long by 44 wide, was produced entirely by Fyfe-Main 
arc and Edison-Swan incandescent lamps, which combined, exceeded 
100,000 candle-power. The colonnade of the Avenue was decorated 
with trees, and the pillars supporting the new covered way were 
entwined with foliage ; festoons of incandescent lamps, representing 
water lilies, were artistically looped across the roadway. In addi- 
tion, there were a number of trees fronting Brixton Road, illuminated 
with lamps enclosed in flowers of the same kind, only different in 
colour. The decorations and electrical effects were originated and 
planned by Mr. A. L. Fyfe, of Brixton, and were carried out under 
his personal supervision. 


Iron and Steel Trade in 1894,—Messrs. Bolling and 
Lowe, in their annual “ Trade Review,” say that the iron, steel, and 
allied industries of the year 1894 opened with bright prospects, but 
they only lasted for a short time, and then business lapsed into its 
former languid condition. “The ‘Light Railways’ question has 
lately been taken up strongly in the Press, and is attracting great 
attention, but we fear that an early development of the project wili 
be deferred, as the Board of Trade is prevented by its regulations 
from facilitating progress, without reference to Parliament and 
consequent delay, even if other political matters do not interfere 
with giving the subject a fair hearing. Cheap road railways— 
£2,000 per mile—are more likely to meet urgent necessities, whereas 
light railways would in many respects, in the first instance, be more 
of a convenience than a commercial success. We take credit for 
having advocated this important matter for more than 20 years. The 
fact that prices of iron and steel in 1894 have barely shown any 
variation, in face of decreased exports, must be taken as a 
most encouraging sign, and we can hardly believe that when a change 
does take place it will be other than an improvement.” 


M’Carthy v. Letts.—Before the Recorder of Belfast, the 
other day, this—a remitted action—was heard. Prof. E. A. Letts, of 
Queen’s College, Belfast, was sued by C. C. M’Carthy, an electrical 
engineer, to recover £22 5s. for erecting wiring for 100 arc lamps, one 
Brockie-Pell and one French arc lamp. It was decided that Prof. 
Letts was not responsible. 


Presentations,—Mr. R. Johnson, chief of the office 
staff of the Electric Construction Company at Wolverhampton, was 
on the 17th inst. presented with a marble clock from his fellow 
employés, a purse of gold from the directors, and a gold ring from 
several friends, on the occasion of his marriage. 

Mr. G. W. Spencer Hawes, secretary and general manager of the 
Brighton and Hove Electric Light Company, Limited, was last week 
the recipient of a marble clock and side ornaments, also an illumi- 
nated address, from the staff, employés, and friends, as a memento of 
his connection with the company, which has now closed its works, 
the whole business having been transferred to the Corporation. 


Price Lists, &¢.—From the Crypto Works Company, 
Limited, of Clerkenwell Road, E.C., we have received a copy of their 
new illustrated price list. Motors of various types, small dynamos, 
and hand feed focussing arc lamps are described and clearly illus- 
trated. The catalogue is nicely got up, and is neatly printed. 

Mr. John Spencer, of Wednesbury, has sent us an 1894 list of his 
iron and steel tubes and accessories. 


Small Dynamos—Their Construction.—Messrs. M. E. 
Austin & Co., of Armley, Leeds, write us as follows:—Under this 
heading, last week, you say that “There is a limit to the small size 
of dynamos, below which they will not excite themselves. Also, that 


there is very little use for very small machines. We think the writer 
of this article is too cocksure. With regard to the first part. We 
make a large number of dynamos, that only weigh, complete, 10 lbs. 
These machines give out fully 50 watts for useful work, and only 
absorb 10 watts in the armature and 10 watts in the field magnets. 
Thus, for 70 watts generated, 50 watts are available for useful work. 
We consider this rather upsets the theories of mathematicians, who 
generally try their experiments on paper. If the writer cares to give 
us an order, we are prepared to make a perfectly self-exciting dynamo 
that shall weigh only, all complete, 1 lb., with an output of 2 to 3 
watts. Our No.1 ‘Infant’ dynamo gives out 50 watts as stated, and 
works in practice equally as well as the largest dynamo made. This 
machine has only 6 to 8 ounces of wire on the armature (which is a 
Gramme ring), and 1} to 14 1b. on the field magnets, and runs at about 
2,800. Some of them have been running for 12 and 16 hours a day 
for from five to eight years, without the slightest mishap. The limit 
to the small size of a self-exciting dynamo depends almost entirely 
on the quality of workmanship and material; and during our expe- 
rience, so far, we see no reason why one could not be made sufficiently 
swall to hang on the end of a watch guard for ornament.” 


South Staffordshire Tramways.—We understand that 
on Friday last a conference was held in London, convened by the 
Mayor of Walsall, between the South Staffordshire Tramway Com- 
pany and the Electric Construction Company, and an agreement was 
then come to regarding the resumption of the traffic. In conse- 
quence, the electric cars started running on the afternoon of the same 
day. The inconvenience caused by the stoppage of the cars is said 
to have been very great, and the resumption of the service has given 
satisfaction in the districts. 


Speed Indicators.— With reference to the correspondence 
we have published on this subject, Messrs. Burbey, Williamson and 
Joseph state that they have on sale a speed indicator sucb as would 
suit our correspondent. They are on show at the offices, 92, Queen 
Victoria Street. 


The Arcas Plating Company, Limited.—At an extra- 
ordinary general meeting of the above company held on November 
21st, 1894, at Winchester House, Old Broad Street, E.C., resolution 
number (1) was passed, and at a meeting held at the same place on 
December 19th, 1894, the said resolution was duly confirmed, and also 
the following ordinary resolution number (2) was passed :—1. “ That 
it bas been proved to the satisfaction of this company that the com- 
pany cannot by reason amongst other things, of their inability to 
obtain payment from several of the largest subscribers of the appli- 
cation and allotment money due on shares, continue its business, and 
that it is advisable to wind up the same, and that accordingly the 
company be wound up voluntarily under the provisions in that behalf 
of the Companies Acts, 1862 to 1890. 2. That Mr. Herbert James 
Pratt, F.C.A., of 9, Old Jewry, in the City of London, and Mr. Claud 
Scott be appointed joint liquidators of the said company at a remu- 
neration of £100, in the proportion of £75 to Mr. H. J. Pratt and 
£25 to Mr. Claud Scott.” 


Tramear Lighting.— Dundee tramcars are to be lighted 
by electricity. The system is to be about the same as that which is 
being adopted at Glasgow. 


CONTRACT CLOSED. 


Taunton.—The Town Council have resolved to order 
from the Fowler-Waring Cables Company the necessary cables, &c., 
for making the house connections in connection with No. 2 sub- 
station. The cost is £681. 


CITY NOTES. 


Anglo-Portuguese Telephone Company, Limited.— 
The coupons No. 14 of the first mortgage and No. 9 of the second 
mortgage debentures will be paid, less income tax, by Parr's Alliance 
Bank on and after 1st prox. 


The City of London Electric Lighting Company, 
Limited.—The allotment letters and letters of regret, in respect of 
the issue of £200,000 debenture stock, have been posted. 


TRAFFIC RECEIPTS. 


The City and South London Railway Kern ry The receipts for the week 
ending December 28rd, 1894, amoun to £968; week ending December 
th, 1898, £952; increase, £16; total receipts for half-year, 1894, £22,447; 
corresponding period, 1893, £21,049; increase, £1,398. 

The Liverpool Overhead Railway Company. The traffic receipts for the week 
ending December 23rd, 1894, amounted to £938; corresponding week 
last year, £604. 

The Western and Brazilian Telegraph Company, Limited. The receipts for the 
week ending December 2st, after deducting 17 per cent. of the gross 
receipts payable to the London Platino-Brazilian Telegraph Company, 
Limited, were £3,141, 
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SHARE LIST OF ELECTRICAL COMPANIES. 


TELEGRAPH AND TELEPHONE COMPANIES. 


Stock Closing Closing 
Present or Dividends for | Quotati 
issue. — i the last three years. | necember 19th.|December 22nd. 
1891. | 1892. | 1893. 
173,400/| African Direct Teleg , Ltd., 4 % Deb. |102 —105 —105 
1,012,8807| Anglo-American Teleg., Ltd. ... |\Stock| £2 12s./£2 £2 118.) 38 — 39 38 — 39 
2,993,5607 Ge ... Stock|£5 28.) 714— 724 | 714— 724 
2,993,560/| Do. do. Defd.. ids ae |Stock] ... — 6% 64— 62 
130,000 Submarine Teleg., Ltd... wee wee | | 8 % 8} 63% 64% 10Z— 113 | 11} 
75,0007 do. 5%, repayable June 1906 [112 —115 [111 -115 
44,000 Chili Telep., Nos. 1 to 40,000 ... 5 §| ... 2— 3 2— 3 
10,000,000¢, Commercial Cable Co. . 9100|7% |7% | 7% |140 —150 (140 —150 
224,850 | Consolidated Telep. Const. and Main. Ltd. see | 10/- | 34% 2 2 
16,000 | Cuba Ltd. | 10;8% |8% | 8% | 124— 134 | 134 
6,000 Do. 10 % Pref. ees eve one 10 (10 % |10 % |10 % | 19 — 20 19 — 20 
12,931 Spanish £4 paid 5 | 44% 14% |4% | 42 42 
000 do. pai 5 |10 % |10% (10% | 9. 94— 
30,0007 De do. 4 Debs of £50, Nos. 1 to 1 600 |L05 —108% |105 —108% 
60,710 | Direct United States Cable, Ltd.,1877__... 20 | 34% 34% 28% 84— 82 8i— 8 
400,000 | Luastern Teleg., Nos. .. ... 10 | 64% §| 64% §| 64% §| 154— 164 | 16} 
70,000 Do. 6% Pref... 10 | 6 6 %§| 6 %§| 162— 174 | 163— 17} 
102,100/ Do. 5 % Debs. Tepay. August, 1899... |106 —110 —110 
1,297,837 Do. 4 % Mort. rt. Deb. Stock} ... (119 —122 119 —122 
250, Australas China Teleg. 10;7% 17% 17% | 16 — 164 | 16 — 16} 
5 % (Aus. Gov. Sub.), Deb., 1900, red. ann 
54,100/ see. te 3,976 to 4396 100) ... 103 |103 —107 
194,300/ Do. do. Bearer, 1,050—3, 975 and 4 ,327—6,400 | 100 . |104 —1U07  |104 —107 
320,0007 Do. 4% Deb. Stock .. Stock . (118 —122 118 —122 
Eastern and South African Teleg., Ltd., 5 % Mort. Deb. = 2 
129,1007 do. do. to bearer, 2,344 to 5,500 |104 —107 —107 
300,000 4 % Mort. Debs. Nos. 1 to 2,016, red.1909 | 100 |105 —108 —108 
200,0007 4% Reg. Mt. Debs. Sub. }1to8,000 | ... —111% |1C9 —112% 
180,227 Globe Te Telegraph and Trust, Ltd... 10 | 53%§ 9 9 
180,042 Do. do. 6% Pref. . | 10| 6 %§ 6 %§ 6 15¥— 164 | 16} 
150,000 | Great Nortbern Company of Copenhagen | 10 | 88% 88% 88% | 222 | 22¢ 
190,000/7 Do. do. 5 % Debs. | 100 | ... |105 —108 (105 —108 
17,000 | Indo-European Tl. Ltd. ... = | 25 |10% % % | 47 — 49 47 — 49 
$7,548 | London Teleg., Ltd. 10 5— 7 5 — 
100,000/ Do. 6 % Debs. ... 100 .. —106 /|102 —106 
15,000 | Monte Video Teleph. Co., Ord., 1 to 15,000 5 4— #2 
,000 do. 6 % Pref., 1 to 28,900 ... a a 14— 24 13— 25 
484,597 Naticnal Teleph., Ltd., 1 to 438, 984 .. 5 | 6 %§$ 5 5 58 58 
15,000 Do. 6% Cum. Ist Pref. . | 15—17 15 —17 
15,000 Do. 6 % Cum. 2nd Pref. 10 we - 15 — 16 15 — 16 
119,234 Do. 5 % Non-cum. 3rd Pref., 1 to 90,950 5 e ee 5i— 6 5§— 6 
1,000,000/ Do. 44 % Deb. Stock Prov. Certs. j110 —113 (110 —113 
48,800 | New Teleph., Ltd., 25,901 to 74,700; £4 paid 
171,504 | Oriental eleph. & Elec , Ltd., Nos. i to 171 ,504, fully paid ese = — 
100,000/| Pacific and European Tel, Ltd., 4 % Guar. Debs, 1to1,000 | ... jLCd —108 165 —1lu8 
11,839 | Reuter’s Ltd. ... wee | 2— 4 2— 4 
3,381 | Submarine Cables Trust |109 —114 110 —115 
58,000 | United River Plate Ltd. 1— 2 — 2 
146,733/ Do. 5 % Debs. .. Stock} ... .. | 88 — 94 88 — 94 
15,609 | West African Teleg.. Lta., 7,501 to 23,109 . | 1014% 0% | 3— 3— 
Do. do. do. 5% Debs. ... (101 —104 101 —104 
West Coast of America Teleg., Ltd. . 24 14— 2 
150,000 Do. do. do. 8% Debs., repay. 1902 | 100 | |100 —105 (100 —105 
,245 | Western and Brazilian Teleg. a 15 | 4% | 24% | 24% | 114— 12 114— 11? 
33,129 Do. 5% Cum. Pref. 6i— 62 6i— 
33,129 Do. 5% Def. 74,3 % 2 = 5— 5 5 
171,900/ Do. do. do. 6 % Debs. “a” 1910... | 100| ... |101 —105 {101 —105 
214,800/ Do. 6 % Mort. Debs., series “ B,” red. Feb. 1910 meet ss eos - |1OL —105 101 —105 
88,321 | West India and Teleg. Ltd. | 10) 2% | 32% | 8%) 1— 1 1— 1} 
563 Do. do. 6% 1st Pref... | 10) | | 11g | 113 
4,€69 Do. - do. 6 % 2nd Pref. — 10 = a 9— 10 9— 10 
80,000/ Do. do. 5 % Debs. (1917) No. 1 to 1,000 | 100 és . {169 —112 109 —112 
$1,211,000 | Western Union of 8S. Teleg., % 1st Mort. Bonds {$1000 {112 —118 112 —118 
166,900/ Do. 6 % Ster. Bonds. ... | {102 —104 —104 


week ended 
December 22nd, 
1894. 
Highest.| Lowest 
724 | 713 
lig | 11 
20 
16}5| 1643 
163 | 
9 
... 
1bz | 154 
1144 | 112 
114 | 11a 
5 


ELECTRICITY SUPPLY COMPANIES. 


Charirg Cross and Strand Electy. Supply .. 
City of London Elec. Lightg. Co., Ltd., Urd. 40, 001—80, 000 
Do. do. 6 % Cum. Pref., 1 to 40,000 
Do. 5% Deb. Stock, Scrip. (iss. at £115) all paid 
{Liverpool Electric Supply, all paid ... 
upply, Ltd., 101 to 50, 000 
5% bonds of £10, £20, £40 
Do. 43% feet mortgage debenture stock . 
Notting Hill Electric Lightg. Co., Ltd. 
St. James’ Light Co. Ltd., ‘Ord., 101-18,780 
Do. do. 7% Pref., 20, 081 to 40 ,080 
“Westminster Electric Supply Corp., Ord., 101 to 60,000 .. 


43% 
6 % 


44— 
14 — 15 
149— 15} 
132 —135 
78 — 7% 
10} 
115 —117 
73— 8} 
9 


5h 
14 — 15 
149— 15} 
132 —135 
— 
93— 103 
116 —118 
72 
73— 8} 
9 


143 
154 
107% 


8 


* Bubject to Founder’s Shares, 
t Unless otherwise stated all shares are fully paid. 


Dividends paia 


+ Quotations on Liverpool Stock Exchange. 
in deferred share warrants, profits being used as capital. 
Dividends marked § are for a year consissing of the latter part of one year and the first part of the next. 


778 
5 3 
during 
ity, 
| 
see 
ae 
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40,000 Wi 14,5 
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SHARE LIST OF ELECTRICAL COMPANIES—Continued. 


ELECTRICAL RAILWAY, MANUFACTURING, AND INDUSTRIAL, COMPANIES. 


Stock Business done 
Present or Dividends for Closing vowel during week 
Issue. NAME. the last three years. | 22nd. 1006. 
1891. 1892. | 1893. \Highest. Lowest. 
90,000 | Brush Elecl. Enging. Co., Ord., 1 to 90,000... .. | 6 %§ 6 %§ 2— 28 24 | 2% 
90,000 Do. do. Non-cum. 6 % Pref., 1 to 90,000 2] w |6%§$ 6%§ 2— 2 23— 28 
125,0007 Do. do. 44 % Deb. eee [Stock] ... | 111 —114 
630,0007| City and South London Railway _... coe [Stock] ... §% | 42 — 44 42 — 44 
28,180 & > Ltd., 7 1 5| 7 %§8 7 %§ 7 %§ 2— 3} 3— 33 | 
5 % 1st Mort. 1—400 of £100, 
50,0007 and “ A » 1—200 of £50 each oe eee eee | eee 97 102 97 102 . eee 
120,000 ectric Construction, Ltd., 1 to 120,000 ... 2 3 43 
12,845 Do. do. 7 % Cum. Pref., 1 to 12,845... it | 2 2 
100,000 | Elmore’s French Patent Cop. Deposg., Ltd., 1 to 66,750... 2| nil nil nil fa— ya— te | coe | ove 
91,195 | Elmore’s Patent Cop. Deposg., Ltd., 1 to 70,000 ... nil nil 1— 1— 14 
69,385 | Elmore’s Wire Mfg., Ltd., 1 to 69,385, issued at1 pm. ... nil nil nil 1 1 
20,000 | Fowler-Waring Cables, Nos. 301 to 20,300 ... n ‘ 5 | 


nil nil § nil § 4— 1h 
9,600/, Greenwood & Batley, Ltd.,7 % Cum. Pref.,1t0 9,600 ...| 10 7% 6 


6,837 | Henley’s (W. T.) Telegraph Works, Ltd., Ord. ... wl |  84— 9 8i— 94 
50,000 | India-Rubber, Gutta Pereha and Teleg. Works, Ltd. ... | 10 124% |124% 124% 254— 26} 254— 264 26} | 
200,0007 Do. do. do. 44 % Deb., 1896 | 100 | ... ia +. 102 —104 102 —104 pe 
37,500 Overhead Railway, Ord. ... one |1% | 82 84— 88 
6,295 do. Pref., £8 paid ooo | | 13 — 13} 13 — 132 | 
| Swan United Electric Light, Ltd. ... coe [LL % §/10 %§) 74%$| — 
37,250 | Telegraph Constn. and Maintce., Ltd. ie sas we | 12 120% 115% 20% | 41 — 43 41 — 43 41} | 
150,0007, Do. do. do. 5 % Bonds, red. 1894 ... | (106 —109 106 —109 we 
54,000 | Waterloo and City Railway, Nos. 1 to 54,000,£2 paid .. 10 oe | 23— 2B 24— 24 pes 
+ Quotations on Liverpool Stock Exchange. t Unless otherwise stated all shares are fully paid. {| Last dividend paid was 50°/, for 1890, 


Dividends marked § are for a year consisting of the latter part of one year and the first part of the next, 
Crompton & Co.—The dividends paid on the ordinary shares (which have not a Stock Exchange quotation), are as follows : 1892—0°/.§; 1891—7°/,.§; 1890—8°/..§. 


LATEST PROCURABLE QUOTATIONS OF SECURITIES NOT OFFICIALLY QUOTED. 
Birmingham Electric Supply Company, Ordinary of £5 (fully paid), Kensington and Knightsbridge Electric Lighting Company, Limited, 


53—6. ; Ordinary Shares £5 (fully paid) 42—5}3; 1st Preference Cumula- 
Charing Cross and Strand Electricity Supply Corporation, £57,100— tive 6 %, £5 (fully paid), 6;—63. 
5 % Debentures. Liverpool Electric Supply, £5 (fully paid), 68—64. 
Electric Construction Corporation, 6 % Debentures, 93—97. London Electric Supply Corporation, £5 Ordinary, 3—1}. 
Electric and General Investment, shares of £5 (£1 paid), 12—2}. Queen Anne’s Mansions Lighting and Heating Company, 6 % £100 
House-to-House Company (£5 paid), 24—2}. Debentures, 101—103. 
Do. do. 7% Preference, of £5, 64—68. Yorkshire H ouse-to-House Electricity Company, £5 Ordinary Shares 
Do. do. 6% Debentures of £100, 101—103. (£4 10s. paid), 44—43. 


Bank rate of discount, 2 per cent. (February 22nd, 1894). 


SOME TESTS OF THE MAGNETIC QUALI- forthe best wrought-iron shows them to be practically the same 
TIES OF GUN STEEL. in character, and when further compared with the curves for 
, ' : nited States, we find magnetic values abou r cent. in 
Lieut. George O. Squeer, Ph.D., Third Artillery, U.S.A.. favour of gun-steel. This indicates an pro- 
has just published in the U.S.A. Journal of Artillerysome —_quced by forging as compared with simple steel castings, and 
tests on gun steel, the results of which are interesting. for marine dynamos, and in gun-training motors where space 
The sample tested was in the form of a ring cut fromthe —_ jg valuable, steel of high permeability will, probably, be 
muzzle of a gun, and was tested in the usual way for rings. exclusively used in the future. 
One curve shows saturation at B=16,000 with H=47, that Steel is now much used on this side for magnets, and is 
point is just over the bend in the curve, the bend beginning —_jjkely to be more than ever used for alternators and motors, 
at B = 13,000, H = 20. The following are the figures for where the form of the field would otherwise entail costly 


the HB tests :— construction. Castings of any practicable form can be got 
easily. 
| Values of H. Values of B. 
113°22 18,052 
98°25 17,652 
90°63 17,293 
78°27 16,975 PURIFICATION OF ACETIC ACID. 
65°32 16,581 
56°61 16,262 
42 93 15,754 
32°25 15,000 WE extract from the Russian paper Lektritshestvo (Electricity) the 
Sive6 13,664 following notes on a new application of electricity :— 
se 1s,e78 “ The usual process for purifying acetic acid consists in distilling 
11°16 10,503 the raw acid by steam in copper rectifiers, but this mode of operating 
7:30 6,407 does not yield pure acid, owing to the formation of acetate of copper. 
3°40 537 This is a great drawback, especially in the manufacture of colours, 
1°68 | 216 because the slightest trace of acetate of copper spoils the tints of 


—e my a certain colours, such as red and rose alizarine. Moreover, the recti- 
RESULTS fying process is rather expensive, not only on account of the cost of 
‘ ne steam power, but because the copper apparatus being rapidly 
The foregoing very superficial tests indicate that the steel attacked by the acid require frequent repairs and renewal. 

of our new guns, besides possessing remarkable physical “At the end of 1892 a Russian engineer, M. Ph. A. Eremine, pro- 
ualities, also has excellent magnetic qualities, and, but for posed to Messrs. V. Lepeshkine & Sons, manufacturing chemists at 
the cost, could be used for the construction of electrical Tranof-Voznezenka, to work a process of purification of acetic acid 
machinery with very efficient results. In facta comparison of _by electricity ; the offer was accepted, the installation started, and in 
the figures given in the above table with Hopkinson’s curve —_—_1893, more than 30,000 pouds (61 pouds = 1 ton) of electrically purified 
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acetic acid were sold with such a success, that the old copper recti- 
fying apparatus were abandoned.” The Russian paper does not give 
any details on the new process which Mr. Eremine keeps secret until 
he has obtained his patent, but tells only that the apparatus which is 
called the electro-extractor is a box, 20 times smaller than the copper 
still; the box is hermetically sealed, and through the lid the raw 
acid enters at one end and flows out quite pure at the other end; the 
current passes through the box by means of insulated wires. 

The process is cheap, rapid, and it appears that the quality of the 
electrically purified acid is superior to that of the usual acetic acid, as 
it does not contain copper nor products of distillation, such as formic 
acid and methylated spiri‘s, and therefore has no fiery and unpleasant 
smell. Being free from suffocating smell, this electrically purified 
acetic acid is especially advantageously used in the cotton printing 
factories where it is not noxious, as the ordinary rectified acetic acid. 

In our opinion, this mysterious box is nothing else than an imita- 
tion of the platinum apparatus, invented by Messrs. Johnson and 
Matthey, which works so remarkably well for the concentration 
of sulphuric acid and other liquids by heat generated by electricity, 
and which consists of a platinum rectangular pan, fitted internally 
with insulators, holding the necessary platinum heaters. 


PROCEEDINGS OF SOCIETIES. 


Institution of Electrical Engineers. 
Discussion on Execrric 


(Continued from page 756.) 


* Mr. S. Z. pz Ferranti said the impression produced on his mind 
by the various most interesting papers which had lately been read to 
the Institution on traction was that whatever other countries had 
done, we over here had done very little. It wasan unfortunate state 
of affairs, and it might be interesting to consider for a moment what 
were some of the probable causes which had led to this backwardness. 
In the first place he thought they had a very exaggerated idea of the 
hideousness of an overhead system. This was a very unfortunate 
thing, because the overhead system appeared to have been proved to 
be quite the cheapest way of working for the largest number of appli- 
cations in the way of running tramways in and about our towns. 
This had been proved undoubtedly to be the best system for the pur- 
pose commercially, and therefore it was one which ought to receive 
the very greatest consideration, and one which was likely to come 
first, if other objections were put on one side. With regard to this 
objection of unsightliness, no doubt still further improvements would 
be made which would render the lines better looking, and he had no 
doubt that, being accustomed to seeing them, they would forget that 
they were ugly, and think rather of the great convenience they would 
give. The second great trouble appeared: to him to be that of fire 
escapes. Perhaps in America the houses were too high to make it 
worth while trying to save people by fire escapes; but however that 
might be, in this country most people he had spoken to had met 
him with this difficulty, that the wires were in the way of fire 
escapes, and therefore an overhead system could not be tolerated. 
To meet this difficulty, he would suggest that electricians should 
re-invent, re-design, and give for nothing to the various autho- 
rities fire escapes which could be worked without interfering 
with the overhead lines. The next question was that of danger, 
and that, he thought, was far more fancied than real. No doubt 
accidents might occur through overhead wires dropping, but 
they were infrequent, and that was not a difficulty which should be 
set against the immense advantages which would come from rapid 
traction in our towns. There was another thing which had militated 
very much against the development of electrical tramways, namely, 
the obstructions which had been put in their way. Perhaps he was 
not right in calling them obstructions, but we had a custom here of 
always protecting the man in possession. That was to say, if there 
was an existing industry, say, for example, the telephone industry, 
the whole legislation tended to protect that particular industry, and 
to see that the coming one, however beneficial and important, did 
nothing to interfere with the existing one. Account did not seem to 
him to be taken of the fact that both industries should contend 
together to protect themselves. He thought this was very notable 
some little time ago, when every provision was made for the existing 
industry, and every difficulty put in the way of the new one. He 
was afraid this was one of the troubles they would suffer from a 
great deal. Then there was another thing, and he feared a far greater 
trouble. They knew that everything of a new nature required an 
immense amount of personal effort and continual work to bring it 
forward. Electric traction required all the energy of the whole 
electrical industry, whether they were strictly interested in this par- 
ticular branch or not. Too much could not be done in this way in 
order to make matters progress, but he fancied that the primary 
power in moving people towards pushing electric traction forward 
was absent, in the fact that there were no particular systems so 
far as he knew in this country, which were the particular property 
of different individuals with capital at their command, or different 
manufacturing corporations. That was to say, it was not the par- 
ticular business of any several sets of people to push any particular 
system of electrical traction with the public, and, therefore, he thought 
that one of the great inducements, namely, personal gain, was absent in 
this particular case. He thought that very likely this might have a good 


* Those marked with an asterisk have corrected their remarks in 


deal to do with there not being that great effort made in this country 
which was necessary to introduce such a thing as electrical traction as 
largely as it should be introduced. It might be possible a little later 
on to form some sort of association for this purpose, or for some com- 
mittee—possibly, of that Institution—to be formed which should 
receive reports, primarily, from all interested parties; that was to 
say, people who would be directly influenced by the progress of 
electric traction, principally manufacturers and people who had some- 
thing to sell. Then might come the turn of those not directly in- 
terested. He reckoned all those there present were interested directly 
or indirectly. Although they might do nothing in electric traction 
themselves, they could not do better than help those who were in- 
terested in electric traction, because it would tend to an improvement 
of their own work by filling up the shops of those who did electric 
traction work, and improving the prices generally for those not par- 
ticularly interested in this particular branch. He was afraid this 
question was rather outside the scope of a scientific society, but it 
had a right there, because anything that conduced to the general 
spread of electricity must certainly increase the amount of scientific 
knowledge on the subject, and the work which professional people 
would do as the result, would greatly add to the general benefit 
which might be obtained by everyone from the widespread applica- 
tions of electricity to various purposes. 

* Mr. A. SHarp said there was one point in Dr. Preller’s paper on 
which he would like to make a few remarks. Referring to the effect 
of the varying traffic, and especially in starting cars, he had said the 
most effectual remedy was the use of an accumulator battery which 
absorbed any excess of supply in the generator over demand in the 
line, and made up for any deficiency of supply, so that the steam 
engine and generator could always run at full and constant load. He 
would like to call attention to the merits of an ordinary fly-wheel as 
ameans of storage of energy for the particular purpose of electric 
traction. Energy stored up in a moving body was proportional to the 
weight and square of its velocity, so that if they could iccrease the 
velocity of the rim of the fly-wheel, they would get a considerably 
greater increase in the energy stored. He hoped to point out before 
he had done that they had not reached the safe limit of speed for fly- 
wheel rims, Suppose they made a fly-wheel with a rim velocity of 
300 feet per second. One pound weight of rim would consume 95 
horse-power minutes, and with an effective velocity of only 5 per 
cent. above and below the average, the available energy would be 
19 horse-power minutes; that was, a fiy-wheel of 10 tons weight 
running at that speed, and with a 5 per cent. variation of velocity, 
would give 190 horse-power minutes available to meet the excess and 
deficiency of energy. At present, with the ordinary construction of 
fly-wheel, the safe speed seemed to be about 100 feet per second. 
Our American cousins ran things much closer than we did in this 
country in running fly-wheels at high speeds, and they, unfortunately, 
seemed to get a good many cases of fiy-wheel accidents. Now, the 
breaking of fly-wheels was usually attributed to the severe centrifugai 
stresses on the rim. What were the facts of the case. If they treated 
the rim of a fly-wheel for a moment as a circular ring rotating 
about its centre, then, of course, there were centrifugal forces 
acting radially outwards at every point. Those forces pro- 
duced circumferential stress on the rim, so that considering 
the equilibrium of the upper portion of the wheel, they 
had the resultant radial centrifugal forces balanced by the tension 
stresses on those two sections of the rim. At the speed 
he had mentioned of 100 feet per second, the centrifugal stresses 
was less than half a ton per square inch, but in large fly-wheels with 
a small number of arms they had quite a different state of things. 
They had in a fly-wheel with, say, eight arms, an intense radial force 
directed inwards, so that the segment of the rim between the arms 
was in the condition of a beam loaded uniformly and supported at 
the ends. Now, the bending moment of any beam loaded with load 
w per foot-ton is proportional to w /?,/ being its span. The bending 
moment then could be reduced by reducing the span of the beam, so that 
if they doubled the number of arms the bending moment was reduced 
one-fourth, and if the number of arms was quadrupled the maximum 
bending moment on the rim was reduced to one-sixteenth. Now, the 
solid disc fly-wheel to which Captain Sankey had referred was in this 
respect very much better than a fly-wheel made with six or eight 
arms. If he might be allowed, he would describe a fly-wheel which 
he had inyented, and which had been described in some of the 
technical journals, and which offered certain advantages. In his fly- 
wheel he replaced the ordinary cast-iron arms by a number of spokes 
of mild steel, and he arranged them tangentially in somewhat the 
same method as the tangential spokes of a bicycle wheel were 
arranged. But the method of construction was essentially different 
from that used in bicycle construction. He formed a pair of spokes 
from one piece of steel, the middle portion passing round the nave 
and the ends being fastened to the rim by nuts in the ordinary way. 
There was absolutely no fastening of the spokes to the nave except 
that due to friction, so that the construction was decidedly cheaper. 

*Mr. J. D. Daxuas said it was not perhaps generally known that one 
of the principal reasons for the great advance of electrical traction in 
America was on account of the gearing they had adopted. In Rich- 
mond, Virginia, on the first electrical tram-road, Sprague placed 
single reduction gears on his motor, and because that was not suc- 
cessful, he arrived at the conclusion that traction was not a success; 
but when the gearing was altered to double reduction, that was to 
say, with two pinions and two gears, the road became a great success. 
The fault did not lie really with the gear, but with the motor, which 
was not strong enough to do the work. Double reduction motors 
then became the vogue until 1891, when he thought nearly every road 
in America began to operate with double reduction motors. He saw 
on the wall a drawing of the original motor belonging to Bentley- 
Knight. Those motors had two pinions and two gears, the inter- 
mediate gear was a solid gear forced on the axle by hydraulic force, 
and the gear on the axle was a split gear of cast-iron. In each case 
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the teeth were very carefully cut out in milling machines. There 
‘were great losses in these gears, amounting to as much as 15 per 
cent. The loss in the gear varied from the maximum, that was 
to say, there was some load on every motor when the whole 
useful work was taken up in the gear. By the introduction of 
single gear motors these losses, which had amounted to 15 per cent., 
were immediately reduced to 6 per cent. for all working loads, that 
was to say, from about when the motor was delivering about 5 horse- 

wer up to a point where it was delivering its maximum of about 
15, the loss in the gear, which was about 6 per cent., did not vary at 
all, that was to say, a good gear running in a gear cover, and fairly 
well lubricated. Many different forms of pinions had been used. 
Bronze pinions were about as good as could possibly be used for re- 
ducing the loss, and also for the reduction in noise; hide gears at 
one time were thought to be excellent things, and were used for a 
short period only, because they rapidly fell to pieces. The next 
improvement was to laminate the raw hide pinion by successive layers 
of raw hide and sheet steel or iron. But these as soon as the 
edge was slightly worn down cut the gear like so many saws, and they 
were rejected. At present, preference lay between forged steel, 
milled out, and bronze. For himself he had made many experiments. 
He was in the testing department of Thomson-Houston for a long 
time, and be thought they had come to the conclusion that there were 
smaller losses from a cast-iron gear than in any other form, the cast- 
iron being close-grained, and with a considerable quantity of wrought- 
iron scrap mixed with it. This gave a very strong gear, which worked 
very well. He could give an illustration of the strength of these 
gears. He once saw a nut dropped by mistake into the gear, which 
was running at 900 armature speed. The nut wasdropped in between 
the cast-iron teeth and a pinion. No mark could be discerned on the 
cast-iron, but the nut was very plainly stamped on the steel, and the 
axle box was broken. One other point was with regard to gearless 
motors. These were scarcely ever of any use for street traction pur- 
poses ; it was almost impossible to make a motor which had a satis- 
factory efficiency. He had heard very little mention of carbon 
brushes ; he saw them used on one of the first roads ever worked in 
Boston, and there the commutators used to be torn to pieces in a few 
days before the introduction of carbon brushes. 

*Mr. H. D. Witxinson, in replying, said so much ground had been 
covered in the discussion that it was impossible in the time at his 
disposal to go into all the details that had been raised. The dis- 
cussion that evening had had a most important practical bearing, but 
he must not forget to allude to the discussion which took place at 
the last meeting. He could not refer to every speaker, but he should 
like to have a dig at Mr. Holroyd-Smith in a friendly way. Mr. 
Smith had brought before them points which he had invented 
and carried through successfully in Blackpool, and he was sure 
as Englishmen they had reason to be proud of this conduit 
system, more especially as, he thought, there was a great future 
for a conduit system for cities. In the discussion that evening 
the overhead system had been referred to frequently, and various 
devices for preventing unsightliness had been referred to. More 
particularly they had heard of the South Staffordshire line, which he 
considered a most successfully planned overhead system. He must not 
forget to mention that he could not dismiss in the same way that Mr. 
Smith had done, the conduit system to which he had referred as 
being a practical success in Washington. He was very much struck 
with that conduit system. He travelled and saw it run smoothly and 
perfectly. Looking into the mechanical details, he saw that the 
expansion of the copper conductors was beautifully provided for. 
He also looked at the construction of the line, the manholes, the 
yokes, and the whole of the arrangementa, and he could only say 
that it gave him great satisfaction, and he thought the Institntion 
should not be kept in ignorance of that particular system. With 
regard to the remarks which had fallen from General Webber, he 
thought they had opened an entirely new field. Where the traffic 
was not sufficient to support a central station and to make it pay, it 
seemed it was quite possible, with accumulators charged at intervals, 
for a line to be brought to practical success. The remarks which had 
fallen also from the President of the Tramways Institute were very 
full of suggestiveness and practical value. This applied to all the 
speakers who had taken part in the discussion; bat he must ask, 
as the hour was late, permission to communicate his detailed replies 
in writing. 

Mr. Dawson, replying on his own and Mr. Blackwell’s behalf, said, 
the time being short, they would ask permission to print their answer 
to the various points raised, and spare them the somewhat lengthy 
tables which had been compiled. As Mr. Mark Robinson has said, 
the financial test was the only real one. From a careful analysis of 
a large number of electric railway accounts, they found that the 
average working cost per car mile, exclusive only of interest on 
capital, was approximately 64d. in America and 54d. in Europe, and 
that the ratio of working expenses to receipts in both countries was 
approximately 60 per cent. In contrast with this, they had the 
working costs per car mile of the horse and steam tramways as being 
10d. per car mile, and the ratio of expenses to receipts over 80 per 
cent. In the State of Massachusetts, U.S.A., the capital invested in 
street railways in 1888 (the year preceding the introduction of elec- 
tricity as motive power) was £2,251,602, and the average dividends 
= were 5°74 percent. By the end of 1893 the capital invested 

ad risen to £5,349,272, and the average dividends to 6°63 per cent. 
In 1888 the average ratio of operating expenses to receipts was 
81°07 per cent. This had decreased in 1893 to 69°26 percent. The 
net earnings in 1888 were 2°78d. per car mile. In 1893 they were 
4°82d., or nearly double. The net earnings per passenger carried in 
1888 were 0°78d. ‘The total track mileage in 1888 was 534 miles, all 
horse or steam. In 1893 it was 874 miles of track, of which 711 miles 
were electric. The total capitalisation of track was £11,000 per mile in 
1893. It must be borne in mind that the introduction of electricity 
virtually meant the entire reconstruction of many existing roads, and 


heavy sums being paid to obtain extended franchises ; besides which, 
the first electric roads were largely experimental, and were practi- 
cally entirely re-equipped. They thought those figures should carry 
conviction. The best and most recent American practice was to use 
large generators direct coupled to horizontal or vertical engines of the 
Corliss or marine type, and to use an equal number of generators and 
engines. In conclusion, they would like to express how greatly they 
were indebted to American street railway operators and electrical 
manufacturers for the uniform courtesy shown them, and the great 
pains so cheerfully taken to provide them with reliable information 
and data, and to the members of this Institution for the kind atten- 
tion paid to their paper. 

* Dr. pu RicHE PRexcwer said he also must condense his remarks, 
and amplify them in writing. First, with regard to Mr. Lea’s ques- 
tion as to the comparison between steam and electricity on rack rail- 
ways. He had stated in a general way in his paper that according 
to his experience, and from all the other cases he had had occasion to 
investigate, the saving to be effected in electric traction, as compared 
with steam, might be taken as 50 per cent. That saving applied 
equally to steep grade lines, and to ordinary adhesion lines as well 
as to electric cable railways and to rack railways like the Mont 
Saleve line, near Geneva, and also the Barmen rack railway in 
Rhenish Prussia. With regard to this comparison between steam 
and electricity as concerning rack railways, he might refer Mr. Lea 
to a very careful comparison he had published in LZngineering, 
early this year, between the Mont Saleve railway, which was electri- 
cally worked, and the Glion railway, which was also on the Lake 
Geneva, and which was steam worked. Those two railways presented 
very similar features. The length was about the same, the 
maximum grade of 25 per cent. was the same, and the number of 

ssengers carried was about the same. The total working expenses 
on the Mont Saleve line amounted to 3°2s. per train mile, and on 
the steam line they amounted to exactly 6°5s. per train mile, so 
that represented exactly a saving of 50 per cent. As regards the 
remarks of Mr. Holroyd-Smith, and the section of trolley wheel that 
he exhibited, he failed to see how that trolley wheel with the extra 
groove could remove the disadvantages inherent to the fixed 
trolley wheel. It seemed to him that it would aggravate the evil 
rather than remove it, because in rounding curves they would 
have a grating strain on the edge of the groove. As regards 
the preference for the Buda-Pesth lateral slot system, he per- 
fectly agreed with Mr. Smith that it was much better 
than the central slot. Mr. Parshall made some remarks about 
multiphase direct current, and he said that multiphase current 
seemed not to have very much prospect of success in elec- 
tric traction. He (the speaker) did not agree with him, and 
indeed, Mr. Parshall told him afterwards that the Tbhomson- 
Houston Company were going to use three-phase current, transforming 
to direct current, on the Portland tramway in Oregon, That, it 
seemed to him, was an application of alternating current. It was a 
combination, it was true, of alternating and direct, but still the 
generating current was alternating. The only other remark he wished 
to make was with regard to what Mr. Robinson said about direct 
driving. He had taken care to have some statistics prepared of the 
Marseilles line, which was precisely a case in point, where the 
generators were first direct-driven by high speed _ vertical 
double-acting engines, which were afterwards replaced by engines 
of the Corliss type with rope driving. These bad answered 
very well indeed, the economy in the consumption of fue! being very 
considerable. From another remark which Mr. Robinson made with 
regard to the question of steep grade lines not touching us in England 
so very closely, he entirely dissented, because without going into any 
question of elementary physical geography, he might say it was an 
absolute fallacy to suppose that there were no steep grades in this 
country. Leaving aside mountain railways properly speaking, such 
as the line up Snowdon would be, the first sod of which was to be 
turned within a day or so, there were plenty of steep grades all the 
way through from the Land’s End and Dover right up to the Highlands 
of Scotland. He did not know if Mr. Robinson forgot that there was 
such a place as Hampstead Heath, where there was a steep grade of 
at least 1 in 12. Then in his own county, in the West Riding of York- 
shire, there was not a single town where they did not get a grade of 
5, 6, and 8 per cent., ¢.g., at Leeds, Bradford, Halifax, Hudders- 
field, Sheffield, and other towns. Moreover, many of the 
turnpike roads of this country were simply constructed on the old 
Roman roads, and everybody knew what the grades on the old Roman 
roads were. On the question of light railways in agricultural 
districts General Webber had spoken of electric lines costing £2,000 
per mile and having a service of only two or three trains a day, the 
cost of such lines in this country would be at least £6,000, and it 
would be an absolute mistake to run only two or three trains 
a day in each direction. It was precisely the advantage of 
electric traction, according to his experience, that by running 
motor cars they could give people of a district the facility of 
communication every hour or every half hour; and in this 
connection he should like to recommend more especially one 
line in Switzerland which was opened last year, and was a 
very interesting and instructive case in point. It was a short elec- 
tric tram-road from the Lake of Lucerne to a place called Stans. 
The width of the road was 20 feet, the gauge of the line laid on one 
side of the road was one metre (3°3 feet), and the rolling stock width was 
6 feet 6 inches, so that they had 134 feet left for the ordinary traffic. 
He put it tothem which was preferable, to have traction engines running 
as they were allowed to run in this connection, or to have a road rail- 
way or tram-road on one side of the road, leaving a considerable 
width for the ordinary traffic? He thought there could not be any 
possible objection to this system, and the fact of there being thou- 
sands of miles on the Continent on this principle seemed to him a 


strong recommendation that such lines should be introduced in this 
country. 
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The president announced that the ballot for the council for the 
year 1895 had resulted as follows :— 


PRESIDENT. 
R. BE. Crompton, MInst.C.£. 


VICE-PRESIDENTS. 
Sir David Salomons, Bart., M.A. Prof. George Forbes, F.R.SS. 


Sir Henry Mance, C.I.E., (L. and E.). 
M.Inst.C.E. Robert Kaye Gray, M.Inst.C.£. 
OrpINARY MEMBERS OF COUKXCIL. 


Augustus Stroh. 
James Swinburne. 
W. B. Esson. G. von Chauvin. 
Walter T. Goolden, M.A. S. Z. de Ferranti. 
Prof. A. B. W. Kennedy, LL.D., William E. Langdon. 

F.RS., M.Inst.C.E. Prof. S. P. Thompson, D.Sc., 
Prof. John Perry, D.Sc., F.R.S. F.RS. 


AssociatE MEMBERS OF CoUNCIL. 
J. M. V. Money-Kent. 


Major A. H. Bagnold, R.E. 
Frank Bailey. 


Augustus Calder. 
Captain George Carr, R.E. 


The meeting was then adjourned until January 10th. 


The Northern Society of Electrical Engineers. 


Discussion ON Mr. Gispincs’s Paper on “THE COMMERCIAL 
POSSIBILITIES OF ACCUMULATORS FOR TRACTION PURPOSES.” 


Mr. Manvitte: I must congratulate Mr. Gibbings on his excellent 
paper. It has given me great pleasure in hearing it read, since it 
bears upon a subject of great interest to me, as I had the honour of 
escorting Mr, Gibbings and his committee over the only tramway 
system worked on the principle advocated by Mr. Gibbings in the 
United Kingdom. I feel a very special interest in the subject, as I 
have for a long time been endeavouring to persuade various Iccal 
authorities to put up destructor plants in connection with central 
lighting stations. As long ago as 1892 I placed a complete scheme of 
this nature before the vestry of Shoreditch, who adopted the report, 
but so far have not carried it out. But I am pleased to say that since 
that time another important local authority, whom I am advising, has 
resolved to erect such plant, and I am in fact at present proceeding 
with the preparation of the plans and specifications for the carrying 
out of the work, and the scheme in question is almost directly similar 
to that referred to in Mr. Gibbings's paper, since it provides not only 
for the erection of a large electric generating station in combination 
with a dust destructor for electric lighting purposes, but also I have 
specific instructions to arrange the generating station so that the 
current produced by it may be easily utilised for supplying the tram- 
ways. I cannot agree with Mr. Gibbings as to the evils he states 
would result from the use of separate boilers in a destructor, from 
the remainder of the boilers required to make up the full maximum 
load required by the station ; for in fact, in my opinion, there is no 
necessity for any boilers to be used, however large the load of the 
station, within wide limits, excepting those through which tbe 
hot gases from tke destructor are passing; and in the scheme I 
have referred to, I am arranging for the erection of four boilers, 
each capable of evaporating water for 250 H.P., or a total of 
1,000 H.P. Each boiler is arranged with two large destructor 
cells, one on each side of it, and the flues from the destructor 
cells are so arranged, that the gases pass underneath the tubes of 
the boilers immediately over the fire oad Then, as at heavy load 
times, the gases from the destructor will be quite inadequate to raise 
the total amount of steam required, an extra amount of steam will 
be generated in the boilers by the addition of coal burnt on the fire 
grate cf the boiler; thus, under these conditions, it will be seen that 
whilst all the gases from the destructor are used for the steam pro- 
duction to their fullest extent, the boilers can always be worked up 
to their full power by the burning of so much coal as will make up 
the difference. The fronts of the boilers, and the fronts of the two 
furnaces accompanying them, are so arranged on the same plan that 
they can all be attended to by the same body of stokers. I will not, 
however, dwell on the destructor portion of the question raised in 
Mr. Gibbings’s paper, for in the main I am in hearty accord with him 
on the subject. I only regret, however, that he has taken, for 
pgs oe a slowcombustion destructor, such as that used by Mr. Jones 
at Ealing, as a typical furnace from which to generate steam. In 
such a furnace but a tithe of the power that might be realised is 
realised, and I have little hesitation in expressing the opinion that, 
with the quantity of refuse to be disposed of in Hull, in place of 45, 
Mr. Gibbings might rely upon attaining 120 effective H.P. on the 
average. I am afraid that I must seriously join issue with Mr. 
Gibbings as to the economical use of what t may term locomotive 
accumulators for running tramway cars. I am actually running the 
only system of locomotive accumulator traction in use in this country, 
and,as you all know, experience in such a matter is worth a grcat deal 
of theory, and I can only tell you that with all the care that is used in 
running this system, that with all the economy that is practised, 
that with all the facilities at my disposal for inducing economical 
working, we have never yet been able to even make ends meet, 
although receiving very high receipts per car mile; and I feel I 
must say that if there is anything unsatisfactory in tramcar 
running, it is the use of accumulators carried in tramcars them- 
selves. The cost of running a tramway system in this manner under 
most circumstances is simply prohibitive. It is not, as I have often 
heard people say, the cost of the depreciation of the accumulator 
plates themselves. We have found that accumulator plates do not 
cost us more than 17d. per car mile, whereas our total cost of i 

exceeds 9d. per car mile ; and if the expenditure directly due to the 


use of accumulators were eliminated from the system, that is to say, 
if the tramcars were run directly off conductors, overhead or under- 
ground, the cost would barely exceed 44d. per car mile, so that if we 
add the cost of the renewal of the accumulator plates, 1jd., to this 
44d., we get a total cost of 6}d., and there still remains the large 
balance between this 64d. and, say, 9}d., the actual cost of running, 
and this 3d. is absorbed in the extra cost of labour in handling the 
accumulators, cleaning them out, and so forth, and the extra depre- 
ciation of the car bodies due to the fumes from the accumulators, 
which, therefore, cost a great deal more to keep in repair than in a 
direct system. It must, therefore, be obvious to you all that if you 
had your accumulator plates costing actually nothing in themselves, 
the cost of bandling them and making good the damage they do 
would prohibitively raise the cost above that of other systems, and 
from these figures you will get a good idea of the insignificance of 
the fuel question as compared with the other question. We find, as 
a matter of fact, that we use as nearly as may be a Board of Trade 
unit generated in the generating station for every car-mile run, and 
this Board of Trade unit does not cost more than 1'2d. to produce 
and, therefore, the energy used costs less than half the extra expense, 
in handling the accumulators, and repairing the cars. I fancy that 
this statement will clearly show you that we can hardly hope for 
satisfactory results from accumulators carried in the tramcars them- 
selves, but I do not wish you to think for a moment that I am opposed 
to the use of accumulators in connection with a tramway system. On 
the contrary, I think they will become an integral part of every 
electric tramway system; but I would have them not carried in the 
tramcars themselves but used in the station, in which position they 
will last very well, and the heavy extra expense of charging and 
handling, and the repairing of the car bodies, will disappear, and 
there will also be the advantage of reducing the size of engines and 
dynamcs, so that they will be working at their most economical load 
all day long, the accumulators making up those big peaks in the loads 
that in big tramway systems occur for a few minutes only at a time ; 
and the whole generating system will be worked on a more satisfac- 
tory basis than heretofore. Such a system as this has been erected 
by Messrs. Mather & Platt in the Isle of Man, and is the first exem- 
plification of what I believe to be the most important step in promo- 
ting the spread of electric tramways. Then, as regards the combina- 
tion of a tramway station with an electric light station so as to 
place upon the latter that day load which will produce the marvellous 
decreased cost of current pointed out by Mr. Gibbings, surely these 
stationary accumulators will be at least applicable for this purpose as 
the locomotive accumulators. In connection with the local authority 
I have before mentioned, I have received instructions to lay out the 
electric lighting station in such a manner that the current it produces 
may be sold to the tramway company during 21 out of the 24 hours 
of the day to run their tramcars. It will be necessary for the tram- 
way company to have a set of accumulators at their generating station 
large enough to run the whole of the tramway system during the 
time of the heavy load in the electric light station, but during the 
whole of the day and greater portion of the night the output of the 
electric light station will be available for directly running the tram- 
ways and charging accumulators. The generating plant of the tram- 
way company will then consist of two or three motor generators trans- 
forming the current supplied from the electric lighting station to one 
suitable for running the tramway. One or more of these motor 
generators will be used during the daytime for directly supplying 
current to the tramway conductors, and the other for charging the 
battery of accumulators, and when the time of day arrives when the 
lighting station must cut off its supply of current to the tramway 
station, then the accumulators will be used for running the whole 
system. In this way I think the heavy day load may be given to the 
central lighting station, which will achieve Mr. Gibbings’s results, 
and at the same time the tramway system may be run as efficiently as 
would be possible under any circumstances. I notice Mr. Gibbings 
lays stress on the fact that a low tension system can be more advan- 
tageously employed in the central lighting station if power is to be 
provided for the running of the tramways. In this point, also, I 
cannot agree with him, and I think all of you know that an alter- 
nating current motor, with continuous current generator attached, 
would make an almost ideal motor generator, when running in con- 
junction with accumulators from which the fields of the alternating 
current motor might so easily be magnetised, and I must therefore 
maintain that an alternating system of supply would be equally 
applicable with a continuous system for use in this connection. I 
will not take up any more of your time beyond again congratulating 
Mr. Gibbings on having brought before our notice a subject than 
which none can be more important to central station engineers, com- 
prising, as it does, a means of reducing the cost of current for elec- 
tric lighting, so that in most cities it could be supplied at a cost 
certainly lower than gas. 

Mr. Frrrantt: I have listened with the greatest possible interest 
to Mr. Gibbings’s paper, and more especially to that part of it which 
refers to the combined use of central supply stations for doing the 
ordinary lighting and charging of batteries for power purposes. The 
picture which Mr. Gibbings has drawn of the great advantages which 
may result from such an arrangement makes one feel quite pleased 
with the great economic possibilities in this direction; but on the 
other hand, we have just heard that Mr. Manville has found it prac- 
tically impossible to make ends meet upon a complete system of 
electrical traction by storage, and no matter how cheaply the current 
may be produced by the method which Mr. Gibbings has described, 
that it is impossible to do anything very satisfactory upon this plan. 
Apparently the cost of handling and maintaining the batteries comes 
to nearly as much per car mile as the total cost of working an over- 
head system, and therefore even if Mr. Gibbings got his electricity 
for nothing for charging the batteries, according to the information 
which we have had laid before us, it does not look as though it would 
be of any value. Of course, improvements will no doubt be made, 
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but they will have to be very vital ones before this trouble can be got 
over. Assuming, however, that traction by batteries could be worked 
commercially if the batteries were charged by current cheaply ob- 
tained from the lighting station, you would then have to remember 
that the plant at the lighting station could only be relied upon for a 
short number of hours out of the 24, as you would have to leave 
sufficient margin for the continuous heavy load which is experienced 
on a few days in the winter of every year. If it were not for this 
difficulty, no doubt the use of batteries for assisting ordinary supply 
stations would have been very largely gone in for; but practice 
appears to have shown that the cheapest thing which we are able to do 
up till now is to generate the electricity by dynamos as it is required. 

Mr. Hotroyp Smirx said he was very glad to be present at the 
meeting, and first of all wished to compliment them on having 
banded themselves together and formed that society, which was 
evidence that they meant to confer one with another, not helping 
their individual selves only, and he gave his heartiest wishes to the 
Northern Society of Electrical Engineers. Some things had been said, 
and better said, perhaps, than he could say them, by Mr. Ferranti 
and Mr. Manville, but there is just one little point in the early part 
of the paper, namely, with regard to interested experts. I am afraid 
that I cannot claim to be anything else than an interested expert, 
and, further, I do not think that Mr. Manville can, and I am afraid 
that Mr. Ferranti is also one. Perhaps, when I sit down, the chair- 
man will be able to call upon someone who is not an interested ex- 
pert. I may say that this is the first time in the whole of my 
experience, although I have been looking for it for a long time, that 
I have heard a straightforward expression with regard to the cost of 
working tramcars by means of accumulators. I have seen statement 
after statement put out to the world which, after falling into the 
hands of the public, not interested experts, have created an impres- 
sion not altogether reliable, but Mr. Manville has been very frank in 
giving us a few figures as to cost per car, &c., confirming, nay, even 
goiog beyond the statements I have from time to time made, bascd 
on calculations and careful observation of what others have done; 
for I fully admit that in battery traction I have been content to 
profit by the experience of others. I have not wasted time 
and money on experiments that I felt sure could not yield 
economic results. If accumulators had shown any possibilty 
of their being really better than the other systems, I should have 
adopted them long ago. But there is one thing which I should 
like to protest against, namely (the hope has so far been father 
to the thought), that statements have gone out from interested 
experts in the electrical world that have been readily taken up by 
the outside world, and have led tramway directors, town councillors 
and others, to suppose that batteries about the size of a hat were 
going to be placed under the seats of a car and drive it all day long; 
and this has got such a firm hold in the public mind, that it has been 
a serious hindrance to the progress of electric traction. This paper 
must be a very interesting one to this Society, because it opens for 
discussion the debatable question of alternate versus direct current 
for electric lighting stations. It must be interesting to town coun- 
cillors, giving them difficult questions to digest respecting corporate 
economy. I will not venture to traverse over all the ground; Mr. 
Gibbings has shown considerable skill in doing so, holding out many 
hopes, but committing himself to very little. He might have been 
practising at elections for Parliamentary honours. Mr. Smith then 
age on with a few remarks with reference to the ten points which 

r. Gibbings raised in his paper about the disadvantages of the 
direct driving system, taking these seriatim. He pointed out that 
the irregular demands upon the generating plant were not so severe 
and not so detrimental as the reader of the paper would have us to 
believe, and ventured to contradict a few of the other so-called dis- 
advantages, especially that the wear and tear with batteries would be 
less than with direct driving, for when it was known that the weight 
of the batteries equalled the weight of the car (for example, a 3-ton 
car required 3 tons of batteries to drive it), then it was obvious that 
the wear and tear with batteries must be greater, not less, as stated 
in the paper. He suggested that Mr. Gibbings ought to have given 
them a definite tramway, stating the number of cars, hours of work- 
ing, length of line, &c., and fully worked out his figures, showing 
cost of equipment and working. ‘There would then have been some- 
thing definite to work with. 

Mr. Joun HEskeErtu congratulated Mr. Gibbings on uttering what 
they believed to be the cry from all central stations: “ For goodness 
sake give us a day load ; we want it, and if wecan get it by accumu- 
lators let us get it, but by all means let us have a day load.” Some 
people say, “at whatever cost.” He thought that, taken on that view, 
the scheme proposed by Mr. Gibbings an excellent one, but taking 
other circumstances into account, he was afraid he could not agree 
with him. He had had the pleasure of seeing one of the principal 
lines on the Continent worked on the accumulator system, and he at 
the time wondered how it was that with accumulators of the certainly 
excellent type which they had, and with the skilled staff and every 
possible modern convenience, they should still make a loss; but he did 
not wonder long, for when he got to the station he found one large 
group of men attending to batteries, another group attending to 
repairs, and still another attending to cars, &c.; altogether he should 
say there were about 100 men in the station at that time charging 
and attending to batteries, &c., for 20 cars. One had not to look far 
for additional expense, and he therefore did not agree that the run- 
ning expenses in connection with the accumulator traction were in 
any way on the same linesas the direct system. Mr. Smith, he believed, 
asked for some figures in reference to comparative capital costs, and 
he was pleased to be able to give these. He had got out schemes for 
running a line on the overhead, conduit and accumulator systems, 
based on the same footing, and had found that the accumulator plant 
cost £5,000 more in capital outlay than the other two, and he there- 
— — that the point raised by Mr. Gibbings was scarcely 

rne out. 


Mr. A. Lester-Taytor stated that with regard to the Board of 
Trade regulations and fire office requirements, referred to in the 
paper as being very stringent, in New York they were practically 
prohibited from using current for traction purposes in connection with 
other systems, or rather that no systems may be supplied from these 
trolley wires. 

Mr. Gresinas, in reply, mentioned that the system which he had 
set forth and advocated in his paper was simply that which had 
appeared to him to be most advantageous to the town of Hull, that 
is to say, that he had found the conditions in Hull peculiarly suited 
to that particular kind of traction on account of the level roads and 
the situation of the central electric lighting station. He did not 
mean to say that very much profit would be likely to accrue to the 
tramway enterprise at the present time, but matters were certainly 
progressing in the direction of the improvement of accumulators, but 
the great advantage which would arise would be from the electric 
lighting enterprise, because the price could be so reduced that there 
would be a great many more people who would be induced to go in 
for the electric light. Of course we have to decide every case on its 
own merits. He might mention that Mr. Manville misunderstood 
his remarks wit regard to separate boilers. He did not mean diffe- 
rent sets of boilers would have to be employed at the destructor 
station for the destruction of refuse and generating electrical energy 
respectively, but the boilers at the destructor station were distinct 
from those at the electric lighting station. With reference to the 
Birmingham Electric Tramway, this was the only instance in this 
country of accumulator traction on a large scale, and they had there- 
fore no other place with which a comparison could be made. In 
reply to Mr. Ferranti, Mr. Gibbings said that he had already stated 
in the paper that his remarks were rather in the abstract than in the 
concrete, and therefore the possibilities set forth in the paper would 
of course only hold good where conditions and circumstances were 
favourable. In reply to Mr. Holroyd Smith, he had not meant the re- 
marks which he had made with reference to electrical experts to be 
taken in any disparaging sense. Of course, there was no reason why 
experts should not be given full credit for their own recommendations 
when electric tramcars were dealt with as a single and independent 
concern, With regard to giving figures of an ideal example of such 
a combination, it had not been his intention in this paper to go into 
complete details such as total capital expenditure, interest, or depre- 
ciation, but simply to give a few suggestions on the subject. He 
considered Mr. Holroyd Smith’s remarks about “ parliamentary 
honours” entirely irrelevant. He was not a debater, but when 
he had an opportunity of sitting down and putting his ideas in 
writing, he Be, scent. to do so to the best of his ability, and with 
an open mind. To Mr. Hesketh’s remarks as to the line which he 
saw on the Continent, while they did not have much bearing a 
the combination suggested in the paper, he would point out that Mr. 
Hesketh’s observations were antithetical to the Rev. Laurence 
Sterne’s, inasmuch as this was one of those things which they did 
not manage better in France than at Birmingham. He had no fur- 
ther remarks to make upon observations that had been made that 
evening, but if this paper would lead to further enterprise and 
experiment, either in the direction in which Mr. Manville or himself 
had pointed out, he would be amply rewarded. He did not want 
them to take that paper as a definite scheme which he advocated in 
its entirety, or as coming from an expert on the subject, but, as 
before stated, merely one with suggestions and possibilities thrown 
out, and which, if acted upon under fair conditions, he would look 
forward to with no misgiving as to the result. 

The chairman, Mr. Fawcus, wished to propose a vote of thanks to 
Mr. Gibbings for his paper. It had been the means of promoting a 
very good discussion, and they had been glad to see amongst them 
some of their great provincial members. He thought that the matter 
which Mr. Gibbings had brought before them was one on which there 
was a great difference of opinion, but one which was certain)y worthy 
of consideration, especially with a view to increasing day loads on 
central stations. 


NEW PATENTS—1894. 


23,970. “Improvements in electric conductor supports.” A. 
ANDERSON and 7. M. AnpERson. Dated December 10th. Complete. 

23,980. “Improvements in sentinel electrical alarms.” A. M 
Morin. Dated mber 10th. 

23,988. “Improvements in electric lighting devices.” R. W. 
Inman. Dated December 10th. 

24,002. “Improvements in the manufacture of armatures for 
electric bells.” I. H. Parsons. Dated December 10th. 

24,021. “Combined terminal box and cut-out or fuse box.” W 
D. Rew. Dated December 11th. Complete. 

24,067. “ Improvements in organs, harmoniums, and similar instru- 
ments.” R. Horge-Jonzs. Dated December 11th. 

24,075. “Improvements in regulating electric dynamos and 
motors.” TT. D. Horrick and F. W. Hotrick. Dated December 11th. 

24,076. ‘Improvements in and relating to telegraphic transmitting 
and receiving apparatus.” B.Horrmann. Dated December 11th. 

24,098. “Improved contruction of joints and connections for 
metallic tubular structures, such as are used for the underframes of 
railway carriages and waggons, girders and frames for bridges and 
buildings, and for tubular poles for electrical conductors, for masta, 
railings, and the like.” G. EK. and G.W.Errancer. Dated 
December 11th. 
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24,136. “An improved reversible switch wall-socket and plug.” 
W.J. Fryer. Dated December 12th. 

24,173. “Improvements in and relating to electric motors and to 
the distribution of electric energy.” H.H. Lake. (Communicated 
by H. Gutmann, Germany.) Dated December 12th. 

24,194. “Maltiple electric fuse box.” E. A.‘Parson and H. 
Mrar. Dated December 12th. 

24,195. “A mode of controlling magnetic energy.” H. M. Parnz 
and A. R. Branpty. Dated December 12th. (Complete.) 

24,198. “Improvements in electrical resistances and in processes 
for rendering inert or electrically non-conductive substances elec- 
trically conductive.” A.J. Marquanp, E. Hancocg, and D. Lowpon. 
Dated December 12th. 

24,234. “Reflectors for electric lighting.” P. Korper. Dated 
December 13th. (Complete.) 

24,266. “Improvements in apparatus for starting alternating 
current electro-motors.” A. and R. A. ManrpLes. 
Dated December 13th. 

24,285. “ Improvements in and connected with electric systems for 
lighting of trains and for other purposes.” A. G. New and A. J. 
Maynz. Dated December 13th. 

24,291. “Improved means for securing the terminal wires to 
carbon and other electrodes.” F. A. von ALrmonpa and N. von 
Attmonpa. Dated December 13th. 

24,293. “Improvements in apparatus for determining the 
mechanical equivalent of heat.” W.E. Ayrron and H.C. HaycrarFt. 
Dated December 14th. 

24,297. “An improved porous cell for an electric generator or 
battery.” W. McCuizary. Dated December 14th. 

24,310. “Producing disinfectants and antiseptics by ozone.” KE. 
AspREOLI. Dated December 14th. (Complete.) [Date applied for 
under Patents, &c., Act 1883, Sec. 103, 16th May, 1894, being date of 
application in Belgium.] 

24,353. “Improvements in brackets for poles or standards for 
electrical conductors and similar purposes.” Siemens Bros. & Co., 
Lrp. and G. W. Perry. Dated December 14th. 

24,369. “Improvements in or appertaining to electric bells or 
alarms.” J.T. Brrertey. Dated December 14th. 

24,372. “Improvements in shade holders for gas, electric, and 
other lamps.” §. SrsavzR. (Communicated by the Utility Shade 
Company, United States.) Dated December 14th. 

24,374. ‘Improvements in the insulation of electric wires or 
cables.” F.Crourn. Dated December 14th. (Complete.) 

24,385. “Improvements in electric supply meters.” J. 
Dated December 15th. 

24,431. “An improvement in tubular — for telegraphic and 
other purposes.” Sremens Bros. & Co., ., and G. W. Perry. 
Dated December 15th. (Complete.) 

24,440. “Improvements in devices for joining or conducting tele- 
telephone wires, and for other purposes.” W. B. Sxaw. 

December 15th. 

24,441. “Method ‘and apparatus for preventing sparks in elec- 

trical apparatus.” W.F.Ostwanp. Dated December 15th. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1893. 


20,698. ‘Improvements in and in connection with electric cables.” 
G. G. M. HarpincHam. (A communication from the firm of Felten 
and Guilleaume, of Miilheim-on-the-Rhine.) Dated November 1st. 
In a cable constructed according to this invention, there is combined 
with the main conductor an additional or “safety ” conductor, made 
of less ductile metal than the main conductor. 4 claims. 

21,631. Improvements in electrolytic apparatus.” W.H. Catp- 
WELL. Dated November 13th. Relates to a diaphragm formed of 
loose crystals of the salt which is being electrolysed. 1 claim. 

21,752. “Improvements in crimping, bending, or shaping and 
holding wire or other forms of metal, and in the means or apparatus 
employed therein.” R. E. B. Crompton and H. J. Dowstxa. Dated 
November 14th. Has for its object to effect the crimping, or bend- 
ing or shaping of wire, tape, band, or sheet’ metal, into any desired 
form, and in some cases to aid in the holding or fixing of the same 
in the shape produced upon a holder or fixing surface. 4 claims. 

23,074. “Improvements in electrical switches.” W. P. THEER- 
MANN. Dated December 1st. The object of the invention is to make 
a lamp switch, simple in construction, reliable in its action, and to be 
able to switch the current on or off by the use of two fingers only. 
2 claims. 

23,327. “Improvements in electric lamp fittings.” A.J. Howzs. 
Dated December 5th. Has for its objects the production of a stan- 
dard pendant, or side bracket, which may be lengthened or contracted 
at will, without the employment of chains, weights, or other cum- 
brous counterbalances, and is also capable of lateral movement in 
any direction. 2 claims. 

_ 24,081. “ Improvements in the manufacture of carbon for electric 
lighting and other electrical purposes.” R. NizwzrtH. Dated 
December 14th. Claims:—1. In the manufacture of carbon for 
eliminating resistance; heating the carbons after moulding, by means 
of an electric current in place of baking, as and for the purposes set 
forth. 2. During the heating of the carbon by electricity, supporting 
the carbon in a holding sleeve of non-conducting material to prevent 


warping. 3. Adding a metallic compound to the material from which 
such carbons are produced for the purpose of eliminating resistances, 
and raising the conducting capacity of the same; said metallic com- 
pound being reduced when the carbon is subsequently raised to red- 
heat, as described. 


24,217. “Improvements in electrical measuring instruments and 
apparatus for use with alternating currents.” W.E. Ayrton and T. E. 

ATHER. Dated December 16th. Relates, firstly, to methods of 
applying voltmeters to indicate the pressure between mains at a dis- 
tance from the instrument without the use of pilot wires; and 
secondly, to apparatus for showing the current flowing through a 
circuit or circuits, which may or may not be at a distance from the 
measuring instrument. 3 claims. 


24,276. “ eg ee in apparatus for electrolytic purposes.” 
H. Gurarie. ted December 16th. Apparatus according to this 
invention is constructed mainly of sheet or flat material, cut or 
stamped out or otherwise shaped and laid together so as to form the 
anodes and cathodes, the chambers for the electrolyte and collection 
of gas, the feed and exit ducts for brine and solution of caustic soda 
respectively, the chlorine and hydrogen ducts, the electrical connec- 
tions and insulators,and the diaphragm dividing the cathode chamber 
from the anode chamber. 3 claims. 


24,285. “ Improvements in means for connecting or supporting 
electroliers, brackets for electric lamps, or the like, to or from ceil- 
ings, walls, or other places of support. HH. Epmunps. Dated 
December 16th. The inventor provides at the part of the ceiling, 
or wall, or other place, to which the fitting is to be attached, a holder, 
or supporting piece, provided with a fastening device for the mecha- 
nical connection of the electrolier, or the like, and with contact 
pieces in connection with the lead wires for the electric current. 
‘The electrolier, or the like, is provided with a corresponding fasten- 
ing device for the connection of the electrolier, or the like, and with 
corresponding contact pieces to which the wires leading to and from, 
the lamp, or lamps, are connected, the arrangement being such, that, 
as the parts for the mechanical connection are being secured together, 
tke respective contact pieces are also brought together, and the 
—— and electrical connection simultaneously effected. 2 
claims. 


24,353. “ A new or improved preparation of active material for 
electric accumulators.” C.K. Miixrs. (A communication from C. J. 
Barbier, of Lyons.) Dated December 18th. Consists in the employ- 
ment of lead, divided or separated by special means, to replace the 
minium or other oxides of lead generally employed in the construc- 
tion of accumulators. The lead is divided or separated by pulverisa- 
tion in a molten state, either by allowing it to fall in one or more 
jets on to the plates or floats of a quickly revolving wheel, or under 
the action of a current of compressed air or steam acting upon it at 
the mouth of an orifice as in ordinary pulverisers. 2 claims. 


24,389. “ Improvements in electrode plates for secondary bat- 
teries.” Dr. A. Leymann. Dated December 19th. The plate or 
grating which is inserted in the frame of the electrode is so made or 
corrugated that it forms a double series of horizontal, or nearly hori- 
zontal, channe)s or gutters, one series on the one side and the other 
series on the other side. The active substance is placed in these 
channel-shaped receptacles. 1 claim. 

24,442. “A new or improved electrical accumulator plate.” C.K. 
Mirrs. (A communication from C. J. Barbier, of Lyons.) Dated 
December 19th. The plate is composed of a flattened box formed of 
two sheets of lead, the edges of which, raised in double curves and 
juxtaposed, are riveted or soldered all along their circumference. 
The flat sides of this box are provided interiorly with pins cast in 
one with them, and the ends of which reach almost to the opposite 
side; these pins or projections are arranged on each side so as to 
come between each other at regular distances. The sides are besides 
pierced with holes, arranged between the pins or projections, and in 
such a way that the extremity of each pin is located in line with one 
of the holes of the opposite side. Before soldering or riveting the 
box around its edges the active material is introduced conveniently 
rammed or compressed, which is divided and maintained in position 
by the pins or projections which traverse it at all parts. 2 claims. 


24,606. “ Improvements .in the means of suspending arc and other 
electric lamps and fittings.” Dated December 
2ist. The object. of the invention is to enable the lamps to be 
lowered for inspection from any of the said elevated positions with- 
out requiring the connecting wires to be of the length corresponding 
to the distance of the lamp from the ground, and thereby hang in 
loops or festoons when the lamp is in use. 3 claims. 


24,889. “‘ Improvements in connection with phonographs, grapho- 
phones, and similar sound recording and reproducing machines.” 
J. L. Youne. Dated December 27th. Relates to the manner of 
mounting the guide arm of the reproducing stylus; also to the 
manner of mounting the cutting or recording stylus and the repro- 
ducing stylus; also to the mounting of the detachable portion upon 
the speaker arm in such a manner that this may be capable of being 
rotated thereon in either a right or left handed direction to the extent 
of one half turn, or thereabouts; also to a method of mounting two 
diaphragms, diametrically opposite to each other, upon the said de- 
tachable portion, mounted upon the speaker arm, so as to be capable 
of rotation thereon to the extent of one half turn. 5 claims. 


24,979. “Improvements in instruments for measuring and record- 
ing electric pressures and currents.” W.THomson (Baron KEtyr~). 
Dated December 29th. To increase the power of the cellular or 
multi-cellular pattern described in patent No. 18,035, 1888, the in- 
ventor uses for the movable body three vanes, or three sets of vanes, 
ye in corresponding positions at angles of 120° round an axis. 
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MANUFACTURERS 
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STEAM ENGINES DYNAMOS, MOTORS, 
INSTRUMENTS, ELECTRICAL SUPPLIES AND 
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DYNAMO & MOTOR BUILDING 


FOR AMATEURS, 
With Working Drawings, by ©. D. PARKHURST, Lieut. 4th 
Artillery, U.S.A., Assoc.Mem,Am.Inst.E.E. 

Chapter I.—A Small Electric Motor for Amateurs. Chapter LL. 
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Manufactured by 


JOHN FULLER SON 


INVENTORS, 1853), 


WOODLAND TELEGRAPH WORKS, 
WICK LANE, OLD FORD ROAD, BOW, LONDON, E. 


Contractors to the 
POST OFFICE, WAR OFFICE, NATIONAL TELEPHONE COMPANY, 
AND ALL RAILWAY, TELEGRAPH AND ELECTRIC LIGHT 
COMPANIES. 


ce MAKERS OF INSULATED WIRES OF ALL KINDS, 


Wulcanised Cables, Leads, and Flexible Cords, 


INSULATORS, BATTERIES, APPARATUS, ROBERTS'S MORSE INK, CHATTERTON’S COMPOUND, INDIA-RUBBER SOLUTION, &e. 


w= Importers and Manufacturers of 
BAXTERS & BACOOWALD, MICA FOR ALL PURPOSES. 
Contractors to Her Majesty's Government. Large Stocks always on hand. 


London Representative:—Mr. ARCHIBALD CAMPBELL, 28, Gray’s Inn Road, W. 


Please ” ote Change of Aearess. 


INCANDESCENT LAMPS 


Warranted English make ; from 2 to 110 volts, in all Candle-Powers. 


ECONOMIC LAMPS OF SMALL CONSUMPTION OF POWER AND PROPORTIONATELY SHORTER 
DURATION, or LAMPS OF LONGER DURATION AND INCREASED CONSUMPTION as required. 


8 & 16 C.P., 100 to 110 volts, is. 4d. each. 


Lamps lasting 400 to 500 hours consume 2°3 to 2°5 watts per O.P.; lamps lasting 
800 to 1,000 hours consume 3°5 watts. 


A LARGE STOCK OF ORDINARY VOLTAGES ON HAND. 
EVERY SIZE AND SHAPE TO ORDER. 


FAIRY LAMPS IN ALL COLOURS AND VOLTAGES FOR DECORATIVE LIGHTING. 


All Lamps tested before despatch. Caps fitted to suit any holders in ordinary use. 
WHOLESALE TRADE DISCOUNTS ON APPLICATION. 
MOTORS, Direct Current, TOURBILLON, Registered Type, Free from Noise, very Light, 
100 VOLTS, 5th H.P. B24 4s. 8s VOLTS,&2 Ss. each. 
ROUND BELLS UNDER GONGS FOR INVALIDS 2s. EACH. 


MACKEY, MACKEY & CO., 


175, GRANGE ROAD, BERMONDSEY, S.E. 
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92, QUEEN VICTORIA STREET, LONDON, E.C., 


MAIN SWITCH WORK 
BRANCH SWITCH & FUSE BOARDS OF EVERY DESCRIPTION 


> 


Made for currents from 3 io 20 ampéres. Switches of all Descriptions. 


SPECIAL PRICES FOR QUANTITIES. 
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EMPLOY YOUR SPARE MOMENTS 
DURING THE HOLIDAYS 
STUDYING 


| “THE RED 
) BOOK’ 


(THE ELECTRICAL CATALOGUE.) 
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J. H. HOLMES & 


NEWCASTLE-ON-TYNE, 
17, COLEMAN STREET, LONDON, E.C. 


SLOW SPEED. 
HIGH EFFICIENCY. 


TELEPHONE No.'15,077. Telegrams: “INDICES,” LONDON 


WHEATLEY KIRK, PRICE & GOULTY 


(ESTABLISHED 71850), 


Electrical Auctioneers, Valuers, 


AND ARBITRATORS. 
Average Annual Valuations exceed £1,000,000 Sterling. 


49, QUEEN VICTORIA STREET, LONDON, E.C. 


HARBURG INDIA-RUBBER C. COMPANY. 


London Warehouse: F. WINTER, 138, London Wall, Wood St., B.C. 


TANNERS, CURRIERS, FELLMONGERS, 
x GLOVE AND GAITER LEATHER 
285 DRESSERS, LEATHER AND 


BUCKETS WOOL MERCHANTS. 


AND HOSE. 


12 FIRST-CLASS 
MEDALS AWARDED. 


Combs Tannery, Stowmarket. 
Price Lists and Terms on Application. 


FOR WIREMEN, CONTRACTORS, CONSTRUCTING ENGINEERS, 
AND ARCHITECTS. 


HOW TO WIRE BUILDINGS 


‘A MANUAL OF THE ART OF INTERIOR WIRING, 


By AUGUSTUS NOLL, E.E. 
Cloth, 8vo, Illustrated 162 Pages. Price, 6s. 


Contents. 


Chap °— and connections; Chap. 10.—Con- 
ng; Chap. 12.—Fuse wire ; Chap. 13.—Insula- 


y 
Theatre and ay lighting ; Chap. 17.—Plans of distribution ; Chap. 18.—Distribution 
of light ; Chap. 19.—Distribution of labour snd hints to foremen; Chap. 20.—Pr 
liminary to rules, electrical data, &c.; Chap. 21.—Rules for ascertaining required 
sizes of wire ; (hap. 22.—Energy-Power . Chap, 23.—Dynamosand motors ; Chap. 24.— 
Pulleys; Chap. 25.—Belting ; Chap.26.—’Engines ; Chup. 27.—Conciusion, 


The book ts handsomely printed on extra thick paper in large, plain type. 
Sent Postage Free to any address on receipt of price, 


H. ALABASTER, GATEHOUSE & CO., 
22, PATERNOSTER ROW, LONDON, E.C. 


4th EDITION. 


STANDARD TABLES 


FOR ELECTRIC WIREMEN. 


With Instructions for Wiremen and Linemen, Underwriters’ 
Rules, and Useful Formule and Data. 


BY OC M. DAVIS. 
Thoroughly Revised and Edited by W. D. WEAVER. 
POST FREE, 4s. 


LonDoN:—H. ALABASTER, GATEHOUSE & CO., 


22, PATERNOSTER ROW, LONDON, E.C. 


ELECTRICAL REVIEW. 


INDINGS AND CASES.—Subscribers and others can have 

their half-yearly numbers bound handsomely in Black 

Cloth at the rate of 4s. per volume. Cases for Manline oxo 
also supplied at 2s. 6d. each.—22, Parzznostzr Row, Lowpon. 


CHEAP PREPAID ADVERTISEMENTS, 
Relating to Situations Vacant, Situations Wanted, Businesses 
Wanted, Businesses for Sale, Patents for Sale, Specific Articles of 
any kind Wanted, or for Sale or Kachange, are inserted at the 
rate of ONE PENNY Per Word (minimum 1s.). 
Three consecutive Insertions for the Price for Two. 


Scale d not apply te Trade Advertisements, terms fcr which 
can be had on application. 


SITUATIONS VACANT. 


ANTED, for a cable factory in Germany, an E'e:trician 

with experience in testing wires and cables, one who has 

some acquaintance with electric light installations preferred.— 
Address 8,017, Revirw. 


ANTED,a Managing Clerk for head office in Newcastle-on- 
Tyne, one with knowledge of French, accountancy, and 
electrical engineering trade preferred.—Apply by letter only, 
stating experience and salary required, to D. Sznpy Bicer & Co., 
Electric Power Engineers. 


ANTED, a first-class Armature Winder, accustomed to very 

high-class armatures, both alternating and continuous.— 

Apply with testimonials and stating wage required.—Address 
8,027, Exectrricat Review Office, London. 8197 


Ww. an Assistant Electrician to the Postal Telegraph 

Department at British Guiana. Applicants must have a 
thorough knowledge of the construction of telegraph and tele- 
phone lines, be conversant with the adjustment and working of 
telegraph and telephone apparatu:, and able to make tests of 
submarine cables. Salary £300 per annum and travelling ex- 
penses. Engagement for three years, and free passage out and 
home.—Applications to be sent to W. H. Preece, General Post 
Office, up tu the 77H January next. 8080 


| ewe (general) wanted for electrical engineering works 
ia the North; practical knowledge of dynamo machines 
would be advantageous.—State wages required, also give reference 
(confidential) and state experience, 8,031, ELecrrican Review 
Office. 8031 
ANTED by a firm of electrical manufacturers and con- 
tractors, having their works near London, and doing a 

large busine-s in England, an Assistant Manager. It is indispen- 
sable that he should have considerable experience in either 
electrical or general engineering work, and also knowledge of 
general business. Good salary given to a thoroughly competent 
man.—Apply with full particulars and references, and stating 
salary required to 8,035, ELecrrica, Review Office. 8035 


SITUATIONS WANTED. 


Office. 


— ENGINEER (20), wants employment, ex- 

perience in mechanical engineering, wiring (light, overhead 
and bell), also in telephone work.—Address 8,032, ELEcTRICAL 
Review Office. 8032 


aa aad Fitter, 11 years with P. & O. Company, 
8} years with Thames Conservancy, desires situation on 
board ship or on land, to take complete charge of engines and 
boilers.—Address, 8,011, ExecrricaL Review Office. an 


[Continued on next Page.] 
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Telegraph Superintendent (21) requires situation, 
experienced in line construction, adjusting, and repairing, 
A BC needle, Morse, and duplex instruments, telephones, Tyer’s 
tablet and block and electric staff, instruments, also Wheatstone 
bridge testing.—Reply J. Hamriron, 16, Dock St., Belfast. 799s 


NSTALLATION MANAGER, Electrical Engineer with 15 
years’ practical experience, desires situation, as Assistant 
Manager or Superintendent of installation work. Well up in all 
d-tails, estimates, plans, &c., excellent testimonials; moderate 
ralary.—8,002, ELECTRICAL Review Office. 8002 


OUNG Mechanical Engineer, with 15 months’ experience in 

electric lighting (both alternating and continuous current 

supply stations), desires re-engagement.—Address GoppakD, care 
of 61, Wollaston Road, Lowestoft. 2015 


ECHANICAL ENGINEER seeks engagement in electrical 

engineer’s office or central station, wants experience more 

than salary, gocd draughtsman. In Ireland preferred.—J. A. 
Hararave, Kingstown, Dublin. 8016 


ECHANICAL and Electrical Engineer, thoroughly com- 
petent in the whole business of electric lighting, tele- 
phones, &c., age 30, ten years’ experience, excellent references.— 
Address 8,022, ExecteicaL Revirw Office. 8022 


situation in works as Improver. Technical train- 
ing and considerable practical experience; small wages.— 
7,984, EvecrricaL Review Office. 1984 


Cra L ENGINEER (23), experienced in central station design, 
details, and town lighting, desires change. Theodolite 
surveyor; neat draughtsman. Quantities, weights, estimates, 
specifications. Interview in City. Excellent testimonials ; about 
£2 10s.—apply, M.I.J.E.,” ExecrricaL Review. 7968 


Vereen ENGINEER desires re-engagement at home or 


abroad for high or low tension station, or manufacturer’s 
staff ; good tester.—Address, 7,993, ExectricaL Office. 


ARTICLES FOR SALE AND WANTED, &c. 


9 14-H.P. Crossley tube gas engines, new, 1893, self-starters and 
} all fittings. No. 18,121 and 18,122. 
2 a4 by Elwell-Parker, good as new, 150 ampéres, 110 
volts. 
55 K type, 31-plate accumulators, E.P.S. 
55 L type, 31-plate accumulators, E.P.S., both equal to new. 
Apply Tus Company, 100c, Queen Victoria Street, E.C. 57) 


LATING DYNAMO for Sale, bargain, cost £75, in good order, 
price £15.—Can be seen 165, Gray’s Inn Rd., London, W.C. 
8034 


K° SALE, 80 E.P.S. T 19 Cells with Celluloid Separators, 

89 Epstein T 7 Cells complete, 36 E.P.S. E 19 sections, one 
4-pole Dynamo, about 8 units, two W. & R. 2-H.P. Motors.— 
TuHames Launcn Company, 28, Victoria 
Street, S.W. 1906 


WELL-ESTABLISHED Electrical Engineering business in 
princi town North of England, central position, good 
rospects. n to offers—Apply 8,001, Exzcrrica, 
ce. sw 


OR SALE.—Secondhand plant for about thirty 8 C.P. lights, 
consisting of Crossley gas engine, shunt wound dynamo, 32 
E.P.S. accumulators and regulating switchboard with two am- 
meters and voltmeter. In thorough working order.—Apply to 


Henry Farmer & Co., 178, Wardour Street, London, W. 7991 
ANTED, LAMP TOPS, with platinum, scrap platinum, &c. 
—“Epey,” 16, Medwin Street, Brixton. 7949 


==, in any torm and quantity, purchased at highest 
prices by & Co., 44, ead, London. 


O ELECTRICAL ENGINEERS.—To be Let, capital suite of 

three light offices, newly decorated, just off Cannon Street, 

E.C.; rent £150 per annum.— Apply to S. Waker & Run7z, 22, 
Moorgate Street. E.C. aes 


MANUFACTURING ELECTRICIAN, with a small but 
increasing turnover, and suitable premises (in Central 
London), wishes to meet with a capable Partner who can introduce 
similar amount of business.—Apply, 7,976, ELecrricaL Review 
fice. 


CCUMULATOR CHARGING.—C. H. Cathcart & Co., having 

large surplus power and special facilities for this purpose, 

are prepared to charge cells of all sizes promptly and cheaply. 

special terms for contracts. Note the address, 4, Dorset Buildings, 
Salisbury Square, E.C. 7365 


CCUMULATOR CHARGING.—Peto & Radford are prepared 
. to charge Accumulators of all sizes. Electrical power 
available night and day at alltimes. Competent men kept for 
repairs. Contractors to the Edison-Bell Phonograph Corporation. 
Established five years.— Note the address, Harron GarpEN 


Official Notices. 


ST. PANCRAS VESTRY. 


ASSISTANT ENGINEER. 
sie VESTRY require an Assistant Engineer at the Regent’s 
Park Central Station. Salary £3 per week. Applicants 
must have had previous experience in a central station. Can- 
didates to apply by letter stating age and qualifications, and to 
enclose copies of testimonials. 


YOUTH AS IMPROVER. 

An Improver is also required in the Engineer’s Office. Salary 
10s. per week. Previous experience with an electrical engineer a 
recommendation. Candidates to apply by letter stating age, 
qualifications and references. 

be addressed to 


Vestry Hall, 
St. Pancras, N.W., 
December 22nd, 1894. 


ALBERT FE. PYCRAFT, 
Chief Clerk, 
Electricity &: Public Lighting Department. 
8028 


BIRMINGHAM MUNICIPAL TECHNICAL SCHOOL. 
ELECTRIC LIGHTING AND POWER IN THE NEW SCHOOL. 


TO ELECTRIC LIGHT CONTRACTORS. 


HE COMMITTEE invite tenders for the installation of the 
generating plant, fittings, and appliances for both the 
electric lighting and transmission of power by electricity in the 
new school. Plans of the building may be seen, and specifications 
and forms of tender obtained, at the offices of Messrs. Hy. Lza anp 
Txornsury, Consulting Engineers, 38, Bennett’s Hill, Birming- 
ham, on a deposit being made with them of £2 2s., which will be 
returned on receipt of a bona fide tender. The Committee do not 
bind themselves to accept the lowest or any tender, and no tender 
will be considered except upon the prescribed form and accom- 
panied by an undertaking that not less than the minimum 
standard rate of wages current in the district is paid by the 
contractor and sub-contractors (if any). All tenders must be 
rent in to me endorsed “Tender for Lighting,” on or before the 
12th day cf January, 1895. 


GEO MELLOR, 
Offices of the School, Secretary. 
Paradise Street, Birmingham. 
December 14th, 1894. 3007 


SCIENCE PROGRESS, 


A MONTHLY REVIEW OF CURRENT SCIENTIFIC INVESTIGATION. 


Eprrep sy J. BRETLAND FARMER, M.A., 
With the Co-operation of an Editorial Committee. 


CONTENTS OF DECEMBER NUMBER. 

ON THE ARTIFICIAL HATCHING OF MARINE FOOD-FISHES.—By 
W. E. M‘Inrosx. 

THE MOLECULAR WEIGHT OF LIQUIDS.—By Joun Surexps, D.Sc. 

THE ORIGIN OF THE VASCULAR PLANTS.—By D. H. CampBELL, Ph.D., 
Professor of Botany in Leland Stanford University, California. 

RECENT RESEARCHES IN THERMAL METAMORPHISM (Part II.—By 
ALFRED Harker, M.A., Fellow of St. John’s College, Cambridge. 

CONTINUOUS CURRENT DYNAMOS (II.).—By C. C. Hawkins, M.A. 

ON THE MORPHOLOGICAL VALUE OF THE ATTRACTION SPHERE 
(Part II.).—By J. E. 8. Moore, A.R.C.S. 

KEW THERMOMETERS—A CORRECTION.—By E. H. Grirritus, M.A. 

APPENDIX.—CHEMICAL LITERATURE FOR OCTOBER, 1894. 


PRICE 28.6d. Subscription Price, 258. per annum, post free. 
VOLUME L., in handsome Cloth Boards, over 500 pages, now ready. 
Price 16s., post free. 


London: THE SCIENTIFIC PRESS Limited, 428, Strand W.C. 


THE CHEAPEST UNDERGROUND CONDUIT. 
DOULTON’S 


PATENT 


STONEWARE CONDUIT 


FOR UNDERGROUND INSULATED CABLES. 
— OYER 


~ 140,000 YARDS 
| Of “Ways” on this System 
»” NOW LAID OR ON ORDER. 


Full Particulars on Application to— 


DOULTON & GO0., «x. 


Depots: LIVERPOOL, MANCHESTER, BIRMINGHAM, PARIS. 


Evecrricat Works, 578, Hatton Garden, London, E.C. 5872 WORKS: London Rowley Regis, Staffs.; Smethwick; St. Helens, Lancs. 
aisley, N.B., and Paris. 6787 
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FORGINGS FOR FIELD MAGNETS, paasnIx FIRE OFFICE, 


For all Types of Dynamos and Motors, any size, weight or shape. 
In the pe a ~encogga 19. Lombard Street & 57, Chariug Cross, LONDON. 


(48TABLISHED 1783.) 


3 

33 «2% LIBERAL AND PROMPT SETTLEMENTS. 
i 3 | ASSURED FREE OF ALL LIABILITY. 
Pia 

| ELECTRIC LIGHTING RULES (COPYRIGHT), 


| Latest Edition, Supplied. 


ROBERT JENKINS, 
88, BISHOPSGATE STREET WITHIN, LONDON, E,C., | 
Telegraphic Add :—* Per ble, London.” 6436 


A. P. LUNDBERG, UNIQUE «SWITCHES 


R. E. CROMPTON, Esq., says :—“I have examined your ‘ UNIQUE’ 
BRADBURY ELECTRICAL WORKS Switch and I consider it’ an extremely perfect one. My engineers inform me 


thatthe ‘ UNIQUE’ form possesses a greater number of advantages and fewer 


W. C. MACDONALD,) 
F. B. MACDONALD, Joint Secretaries. 


Bradbury St., Kingsland, London, N. disadvantages than any form of Switch now in the market, and I am very 

: = glad to add my testimony to that of others. The very considerable orders 

oe «=: Telegrams: “LUNDBERG, LONDOB. ~~ that we have been able to place with you for these Switches is the best con- 
MEDAL AWARDED CRYSTAL PALACE, 1892. firmation that I am able to adduce in support of my views.” 6175 


DELAWARE HARD FIBRE COMPANY, 


15 LONG LANE, LONDON, E.C. 
JOHN BURNS, General European Agent, 


Telegrams :—“ISOLEMENT, LONDON.” 


INSULATING MATERIAL. 


HARD FIBRE 


(SOLD IN SHEETS, RODS, TUBING, &c.) 
Is used in the construction of all descriptions of Electrical 
Machinery, Insiruments, Fittings, &c., and for numerous 
purposes in connection with general engineering. 


Sole Aaiiits for Scotland : 
P. & W. MACLELLAN, LTD., GLASGOW. 6886 


CHEE REIC AILS. 


ALL KINDS FOR ELECTRICAL WORK, and also for INDIA-RUBBER & GUTTA-PERCHA MANUFACTURERS, 
Solid Sulphuric Acid and Bichromate Salt for Export. 


G. BOOR & Co., 1 & 2, Artillery Lane, Bishopsgate, LONDON, E.C. 


CONTRACTORS TO THE POST OFFICE WAR OFFICE ADMIRALTY, INDIA AND NEW ZEALAND OFFICES AND LEADING TELEGRAPH COS. 3675 


INSULATORS 


Of all descriptions, combining the oes so, with highest possible insulation, in Bristol Glazed Stoneware 
d Special Porcelain Stoneware (White). 


ALSO BATTERY JARS, "PRIMARY AND SECONDARY AND POROUS CELLS. 
PRICE, SONS & COMPY., The Potteries, BRISTOL. 
London Agency: CHAS. D. BARKER, 113, MIDLAND RD., ST. PANCRAS, N.W. seen 


TELEGRAPH AND INDIA- WORKS, LIMITED, 


UNDERGROUND 


31, LOMBARD STREET, LONDON, E.C. 
Telegrams: Lompon.”] Works:—MILLWALL DOCKS, E. (Telephone, 1,169. 1986 
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GASES: 


Patentees and Sole Makers: — 


2, Exchange Street, MANCHESTER. 


Works:—WAKEFIELD. 


Telegrams: 
ECONOMISER.”’ 


4714 


Telegrams :—“ ECONOMISER.” 


THE ELECTRICAL REVIEW SUPPLEMENT, 
HONOUR, 
ANTWERP, 1894. 
re 
STEAM 
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WILLANS 


SIMPLE. COMPOUND. OR TRIPLE EXPANSION 
CONDENSING OR NON-CONDENSING. 
STANDARD PATTERNS UP TO 1.200 I.H.P. 


SPEED. 


nite 


EXTREME ECONOMY OF STEAM. 


tion of less than 13 Ibs. per I.H.P. per hour has been recorded under suitable conditions of size, pressure, &c., and even in 
(A consumption of less es of 80 L. LP. a consumption of less than 144 lbs. can be guaranteed with 160 lbs. pressure.) 


GREAT SAVING OF OIL. LITTLE ATTENDANCE REQUIRED. 


SMALE SPACE OCCUPIED and corresponding reduction in first cost of buildings. 
SILENCE AND DURABILITY, OWING TO ALL BRASSES BEING IN CONSTANT THRUST, 


Over 95,000 H.P. use or on order. 


WILLANS & ROBINSON, Ltp., 


GIRS 


FREDERICK J. BORLAND, 


Sheepscar Grove Works, LEEDS. 


PATENTED SPECIALITIES: : 


“ SCISSORS” ARC LAMPS, 


FOR PROJECTIONS. 


“UMBRELLA” 
PHOTOGRAPHIC APPARATUS. 


Estimates on Lighting Mills, Works, 
ii. Public and Private Buildings. ress 


LEEDS. 


— INCANDESCENCE LAMP COMPANY, 


47, VICTORIA STREET, WESTMINSTER, S.W. 


Director 0, H, STEARN, late Managing Director Swan United Electric Light Co., and joint inventor with Mr. J. W. Swan 
of tne modern incandescence lamp. 


EACH. 
Lamps 5 to 25 C.P., 3'5 to 4 watts ad candle - - IAs. Sd. 
32 C.P., - - is. 6d. 
Stearn’s Central Station Lamps, 10 and 16 C. P, 2°6 to 
2°8 watts per candle - - - 2s. Od. 


All lamps accurately classified for ina and aiiiadis 
LIBERAL TRADE DISCOUNT. 


STEARN’S NEW CENTRAL STATION LAMPS, at 27 watts per candle, are now being supplied 
+4 = where we And current is the fret consideration. ” These allan effect a saving of 103. 2d. per 
ours On & mp as com with the o 4-watt lamps, price of current being 74d. 
The Ziirich Company is entirely an English one oo an English technical staff and workpeople. The 
technical staff have had the longest experience in lam aida! in Europe. 7498 
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WESTERN ELECTRIC CO. 


MANUFACTURERS OF 


TELEPHONES. 


ORDERS ONLY 


79, COLEMAN STREET, LONDON, E.C. 
CHICAGO, NEW YORK AND ANTWERP. tse 


CROMPTON 


Showrooms: 148, BROMPTON RD., S.W. 


DYNAMOS, ARC LAMPS, 


MEASURING INSTRUMENTS OF HIGHEST ACCURACY AND LOWEST PRICE. 


ALTERNATORS MOTORS. 


ELECTRICAL UNDERGROUND MAINS, &c., &c., 


ARE MANUFACTURED BY 
( MANSION HOUSE BUILDINGS, LONDON, E.C. 


Telegraphic Addre “ CRoMPTON, , LonpDon.” 
ARC WORKS, CHELMSFORD. 
Telegraphic Address “CromprTon, CHELMSFORD.” 


(1, LILLIE RD., SW. (8,680) 


CROMPTON’S NEW POCKET CATALOGUE & FORMULA, Just Published, Post Free, 13 Stamps (Including 
Magnifying Glass). 
CROMPTON’S (Trotter’s Patent) WIRING SLIDE RULE, 2s., Cloth Cover, 2s. 6d,, Leather Cover, 3s. 


“su ELLIOTT BROTHERS, == 


101 & 102, ST. MARTIN’S LANE, LONDON, Ww .c. 
Electrical Engineers and: ‘Manufacturers of all kinds of Electrical Testing and Telegraph Instruments. 


MAKERS OF 


AYRTON & MATHER'S ELECTROSTATIC GRAVITY VOLTMETERS 


(As described in the “ELECTRICAL REVIEW,” June 9th, 1893). 


Souz Maxers or AYRTON & MATHER’S REFLECTING YOLTMETER 


(TO 400 VOLTS.) 


Maxers oF MENGARINI'S REGISTERING YOLTMETER 


(As used by the London County Council, City of London Electric Light Oo., London Electric Supply Oo., &¢.) 


Highest Award Paris Exhibition, 1889.—Only Grand Prize to any English Electrical Exhibit... -s, 
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27, Warren Street. 
anp Co., 5, Unter den Linden. 


Telegraphic Address: “ Ageekay, London.” ABC Code. Telephone No. 517. 


IMPORTANT STATION ENGINEERS. 


YOUR COAL BILL WILL BE REDUCED BY USING 


TRANSFORMERS 


WHICH HAVE 


HIGHEST EFFICIENCY, SMALLEST IRON LOSS, LARGE POWER FACTOR. 


DYNAMOS MOTORS. 


BEFORE PLACING YOUR ORDERS 


WRITE US FOR PRICES. 


BEST MECHANICAL CONSTRUCTION, NO HEATING 
SPARKING, NECLIGIBLE REPAIR BILL. 


JOHNSON & PHILLIPS, 


14, UNION COURT, OLD BROAD STREET, LONDON, E.C. © WORKS: CHARLTON, KENT. 


213 
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GENRY EDMUNDS), 


SALFORD. MANCHESTER. 


Telegraphic “Glovers, Salford”, London Office: 89, VICTORIA ST., WESTMINSTER. 


dresses: | **Phonoscope, London. 
M. POSTMASTER-GENERAL, THE COLONIAL AND INDIAN GOVERNMENTS, THE 
CONTRACTORS PRINOIPAL RAILWAY, TELEPHONE AND ELECTRIC LIGHT COMPANIES. 


Z DYNAMO WIRE 
SOLE MAKERS OF | AND CABLE 


"TWISTED BARS, PATENT. . SPECIAL 


PATENTEES AND SOLE MANUFACTURERS OF COMPRESSED SOLID ENDED ARMATURE BARS, 


- MAKERS OF EVERY DESCRIPTION OF 
VULCANTZED 


Xe ELECTRIC LIGHT WIRE & CABLES &% 


o| For General and Special Purposes. 


NT TEL 


Patent FERFLEX 
Armoured 
\ Twin and Single 
Cable. 


Sole Agents for 
MANGANIN, 


Metal. 


THE COMBINATION 
Armature Wire and Cables. Flexible Cords, in Metallic and other designs. 


Laminated and Solid Strip. bP © RS Twin Wires for every purpose, 
Silk Covered Instrument Wire. ° / Flexible Dynamo Cables. 


SOLE AGENTS FOR + ! SOLE AGENTS FOR 


15 10 
SWG! 4 8 12 16 20 24 28 32 36 


POOLE’S PATENT GAUGE. rin TROTTER’S PATENT GAUGE. | 


| 20 26 28 36 40 


TELEPHONES 


GENT & CO.’8 LEVER MICROPHONE.—Patented 1881. 


Clear Articulation, fitted with Induction Coll, in to 10 /6 
Telephone, complete with instructions i 
‘We are making the most sets of the Send for 
our new descriptive Price List, with instructions for fixing, Diagrams, and over 60 
illustrations, FREE. 
Pie. 3'74, including Bell, 21s. per set. Fig. 3'79, including Microphone and Bell 
or Watch Telephone, Automatic Switch and Bellin Walnut Case, 3ls. per set. A 
liberal discount to the trade. 


INDICATORS, BELLS, PUSHES, BATTERIES. 
The most varied Stock in the Trade. 


WATCHMAN’S CLOCKS, DRY BATTERIES, &c., &6. 


Bee ete Pamphiet “ Bell 
Sonductors, 400 Lilustrations and D Spurting 


riz. ave. GENT & CO., Faraday Works, Leicester. 


| ©) he Combined with microphones, of all Patent Righ 
| 


TELEPHONE 
4,740. 


WORKS: 


CASTLE 
STREET. 


WILLCOX'S SPECIAL LUBRICATINC OILS 


FOR ELECTRIC LIGHT STATIONS. 


WILLCOX’S CYLINDER OIL. 
WILLCOX’S DYNAMO OIL. 
WILLCOX’S CRANK CHAMBER OIL. 
WILLCOX’S CASTOR OIL. 


OUR OILS ARE USED BY THE PRINCIPAL ELECTRIC 
LIGHT COMPANIES. 


SEND ouR NEW 


W. H. WILLCOX & Co. 


GENERAL ENGINEERS’ STORES, 3088 
34 & 36, SOUTHWARK STREET, LONDON. 


FREDERICK SMITH & CO., 


Contractors to H.M. one Companies. 


Patent Galvanised Telegrap h Wire (100-Ib. Coils) 


TO ALL SPECIFICATIONS. 


COPPER WIRE 
CONDUCTIVITY. 

Plain Soit. Hard Drawn for Telephone Lines. Special Tinned Wire. 
Si mM BRON ZE 


(Weiller’s Patemt umder License. 


F. WIGGINS & SONS, LONDON 
MICA MBRCHANTS, 
MANUFACTURERS OF MICA GOODS FOR ELECTRICAL AND ALL PURPOSES. 


CONTRACTORS TO HER MAJESTY’S GOVERNMENT. 6100 


ALBERT & J. M. ANDERSON, 


39, VICTORIA STREET, WESTMINSTER, LONDON, S.W., 


Manufacturers of 


TRAMWAY SUPPLIES, 


“AETNA” Insulators and Hangers, 
ANDERSON’S STANDARD LINE MATERIAL, 


TROLLEYS, LIGHTNING ARRESTERS, &c., 
REGISTERED TRADE MARK, EVERY REQUISITE FOR OVERHEAD LINE CONSTRUCTION. (6970) 


Wm. M. FOXCROFT. } 
(Successor to the late W. Foxcroft, also F. Lucas), i 
Telegraph and Telephone Case Manofucturer, 


CLERKENWELL, LONDON, E.C. | 
(Offices—PERCIVAL STREET). 
EVERY DESCRIPTION OF GABINET WORK FOR ELECTRIC LIGHT ENGINEERS. 


Lock and Block, Single Needle, Bell, Sounder, Perforator, 
Photometer, Telephone Cases, Battery Boxes, &c., &c. 


PRIZE MEDALS, LONDON 1851; PARIB, 1881. 201 


SUCCESSOR TO 


ROBERTSOR, BROOMAR & CO. 


PAMPHLET OF COSTS GRATIS. 


FORTY-TWO YEARS’ SPEOIAL PRAOTIOE. 
WITH INVENTIONS on 
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GARDNER 

* | 
166, FLEET STREET, 
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TELEPHONE 
4,740. 


WORKS: 


CASTLE 
STREET. 
+ 


WILLCOX’S SPECIAL LUBRICATINC OILS 


FOR ELECTRIC LIGHT STATIONS. 


WILLCOX’S CYLINDER OIL. 
WILLCOX’S DYNAMO OIL. 
WILLCOX’S CRANK CHAMBER OIL. 
CASTOR OIL. 


LIGHT COMPANIES. 


SEND FOR OUR NEW ‘LIstT. 


W. H. WILLCOX & CO. 


GENERAL ENGINEERS’ STORES, 3086 
34 & 36, SOUTHWARK STREET, LONDON. 


FREDERICK SMITH & CO., 


Contractors to H.M. Gowernmment and Companies. 


Patent Galvanised Telegraph Wire (100-lb. Coils) 


TO ALL SPECIFICATIONS. 


COPPER WIRE 


Plain Soit. Hard Drawn for Telephone Lines. Special Tinned Wire. 


(Weillerw’s Patent umder License. 


F. WIGGINS & SONS, LONDON 


MICA MBEBRCHANTS, ne. 
MANUFACTURERS OF MICA GOODS FOR ELECTRICAL AND ALL PURPOSES. 


CONTHACTORS TO HER MAJESTY’S GOVEREMERT. 6100 


ALBERT & J. M. ANDERSON, 4 


39, VICTORIA STREET, WESTMINSTER, LONDON, S.W., 


Manufacturers of 


ELECTRIC TRAMWAY SUPPLIES, 


“AETNA” Insulators and Hangers, . 
ANDERSON’S STANDARD LINE MATERIAL, 


TROLLEYS, LIGHTNING ARRESTERS, &c., 
REGISTERED TRADE MARK, EVERY REQUISITE FOR OVERHEAD LINE CONSTRUCTION. (6970) 


PATENT OFFIGE. 


GARDNER. 


166, FLEET STREET, 


Wm. M. FOXCROFT 
(Successor to the late W. Foxcroft, also F. Lucas), 
Telegraph and Telephone Case Manufacturer, | 


36, PERCIVAL STREET, AND 9, SMITH STREET, 
CLERKENWELL, LONDON, E.C. 
(Offices-PERCIVAL STREET). 


EVERY DESCRIPTION OF CABINET WORK FOR ELECTRIC LIGHT ENGINEERS. r ae 


Lock and Block, Single Needle, Bell, Soauder, Perforator, | | k 
Photometer, Telephone Cases, Battery Boxes, &c., &. [= | PAMPHLET OF COSTS GRATIS. 
PRIZE MEDALS, LONDON 1851; PARIS, 1861. 201 =. FORTY-TWO YEARS’ SPEOIAL PRAOTIOE 
WITH INVENTIONS nn 


| 
| 
f 

TENT OFFICE 

_ _Mours, ROBERTSON, BROOMAN & CO. 
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G. E. BELLISS & CO., 


Telegraphic Address: 
(Established 1852), 


Ledsam Street Works, BIRMINGHAM 


London Office: Westminster Chambers, 9, Victoria St., S.W. 
MANUFACTURERS OF 


DOUBLE-ACTING, HORIZONTAL and VERTICEL 


ENGINES, 
SIMPLE and COMPOUND, OPEN and ENCLOSED 
| ELECTRIC LIGHTING 
bg / + Surface Condensers, Air & Circulating Pumps, 
HIGH-CLASS STEAM BOILERS 


a) als. 4 Piping, Valves and Connections fur Comple te 
Steam Equipment of 


CENTRAL STATIONS 
AND ALLATIONS, 


Estimates Free on receipt of Particula:s. Before ordering 
write for Catalogues. 5904 


Self-Lubricating Compound Eugine and Dynamo as supplied for Central Station Lighting. 


ARC LAMPS. 


The Celebrated “ KOERTING & MATHIESEN ” Three cain 10 amps., Pattern D, can be 
seen burning off 100 volts, Alternating City Circuit, also one in parallel, at 


218, UPPER THAMES STREET. 


UNQUALIFIED SATISFACTION WHEREVER TRIED. 


CHEAP AND RELIABLE. 
CONTINUOUS OR ALTERNATING CURRENTS. 


LARGE STOCK KEPT IN LONDON, also COMPLETE COVERS, GLOBES & SUITABLE RESISTANCES. 


SEND FOR REVISED CARBON PRICE LIST. 


Sule Agat:—G. BRAULIK, 217 & 218, Upper Thames St. 


MAKERS OF 


TAUNTON DYNAMOS 


Fitted with Patent 


KAPP ARMATURES 


NEWTON-HAWKINS 


PATENT BRUSH HOLDERS. 


Electrical Engineering Works, 
TAUNTON. 


j 
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HOLDEN, DRAKE & GORHAM 


HOT WIRE RECORDING 


MANUFACTURED UNDER THE CARDEW PATENTS. 
‘SNOILYLS GANDISAG ATIVIOAds 


Can now be supplied from Stock in Standard sizes from — 


DRAKE GORHAM, 


Head Offices: 66, VICTORIA ST.. WESTMINSTER, LONDON, S.W. 


Branch Offices:—100, KING ST., MANCHESTER, and 46, WESTBORO’, SCARBOROUGH. ;», 
OWNERS OF THE CARDEW PATENTS. 


LONDON ELECTRIC WIRE 


LIMITED 


ANCHOR WORKS, PLAYHOUSE YARD, 


MANUFACTURERS OF 


COVERED WIRES ALL DESCRIPTIONS 


For Electrical Instrument Dynamo Machines, Telephones and Electric Bells. 


CABLES OF LIGHT, MEDIUM AND HIGH INSULATION FOR ELECTRIC LIGHT MAINS 
AND BRANCH CIRCUITS. 


FLEXIBLE CABLES AND CORDS OF ALL DESCRIPTIONS. 


CONTRACTORS to the various GOVERNMENT DEPARTMENTS 


And to the — Electric Light and — Companies. 


PLATINOID WIRE FOR HIGH RESISTANCES 


(MARTINO'S PATENT). 


The Resistance of Platinoid is 50 per cent. higher than that of the best German Silver. Its temperature coefficient 
is lower It is uniform in quality, and does not tarnish under 
> lauet Electric Light Companies have adopted Platinoid for 


atmospheric infl of 
Resistances, to the entire exoinsion ie. 


Aguate for for all Purposes 


The LONDON ELECTRIC WIRE COMPANY, Ltd. 


PRICE LIstTs OW APPLICATION. 


: 


BITUMEN TELEGRAPH WATERPROOF Co, 


101, Leadenhall Street, LONDON.  elegrams: “CALLENDER, LONDON.” Telephone, No, 4,485, 
Oldham Place, Renshaw Street, LIVERPOOL, and Cannon Passage, BIRMINGHAM. 
Works: ERITH, KENT, Telegrams: OALLENDER, PIOARDY.” Telephone, 8,411, 
UNDERGROUND MAINS 
LAID COMPLETE ON CALLENDER-WEBBER OR SOLID BITUMEN SYSTEMS. 


LEAD SHEATHED WIRES AND CABLES 


FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND SHIP WORK. 
Concentric Cables—ARMOURED—Metal Sheathed. 
ABHDRIAL CABLES. 


BROWETT, LINDLEY 


Patricroft, MANCHESTER. 


ENGINES of our MANUFACTURE are DRIVING DYNAMOS in the 
following CENTRAL ELECTRIC LIGHT STATIONS: 


ABERYSTWYTH, BATH, LONDON (Bankside), DERBY, 
EALING, PRESCOT, SOUTHPORT, 
WEYBRIDGE, HONG KONG, &c. 


We have now in hand STEAM ENGINES for the following CENTRAL 
ELECTRIC LIGHT STATIONS: 


= #ALTRINGHAM, CHISWICK, PRESCOT (extension), 
A SALFORD and SHEFFIELD (extension). 


ESTIMATES AND FULL PARTICULARS ON APPLICATION. 1738 


NIXDORFF && CoO., 
Manufacturers of WOOD PARCEL POST BOXES, WOOD BOXES TO GO BY G ABRI FL ’ 
RAIL, WOOD POST BOXES. 
30, MAIDSTONE STREET; HACKNEY ROAD. N.E. 7384 AND MADRID, 
AN GEN AULT St. PETERSBURG 
LONDON. 
Mr. J. G. LORRAIN, MIEZ., M1M.E., &c., Manufacturers, 
Fellow of the Chartered Insttiute of Patent Agents, CONNAUGHT 
Norfolk House, Norfolk St., London, W.C. 
“PATENTEE’S HANDBOOK ” Post Free on Application. ey MANSIONS, Telephone 3,094. 
VICTORIA ST., Telegrams:— 
ABIONAGE,. 
5.W. 
Full Size. 
CANDLE LAMPS, 
3 to 5G.P,, DISCOUNT 
25 volts to 112 volts, ACCORDING TO 


3d. 


QUANTITIES. 


HEATPMAN’S PATENT 
LADDER, STEP and OVERS ano CA ADE To 


TRESTLE WORKS, GROOVES 
2 & 37, Endell St., London, W.C. oy 
PRICE LISTS FREE. GOODS CARRIAGE PAID. yy 


Over 33,000 of our Ladders are now in use throughout the world. 


— 
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FOR THE LATEST IMPROVEMENTS AND DEVELOPMENTS IN 


ELECTRICAL STORAGE BATTERIES 


FOR ELECTRIC LIGHTING, ELECTRIC TRACTION WORK AND 
LAUNCH PROPULSION, 


Apply to the 


SYNDICATE, LIMITED, 
16, VICTORIA STREET, WESTMINSTER, LONDON, 
aan Charcoal Iron Sheets and Stampings. 


TURNER BROS 134, UPPER THAMES ST., 


Telegraphic Address: “SHEETIRON, LONDON.” 5839 


FORGINGS FROM THE HAMMER, & MACHINED TO ANY DIMENSIONS. 


PRICE 


TUBE AFTER 12 MONTHS. 


nz INSTANTANEOUS HEATING 
oN 1 — Gas ENGINE TuBE — 
= We GOOD AS. NEW- WRITE 70 
ARMATURE TRANSFORMER 
ENGLISH ELECTRIC CARBON Go, __ STAMPINGS. S TAMPINGS. 
Limited. 
PHBUS 


RE-ANNEALED. 
FLAT, 
AND FREE 
FROM BURRS. 


BONS 


SHEET IRON. 


MADE IN ENGLAND, 


AND 


“BURN THE BEST.” 


Telegrams :— CUTTING, DERBY.” 


Carbon Works, BRYMBO, near WREXHAM, x STAMPINGS TO ANY SPECIFICATION. 


BRYMBO.” WRITE STATING REQUIREMENTS. 


HLECTRICAL BNGINEERS. 


SPECIALITIES. 
Continuous Current Dynamos, Alternators, 
Electric Motors, 

Slow-speed Direct-coupled 
Engines and Dynamos 
‘For ao. 


SEARCH L LIGHT PROJECTORS, ARC LAMPS, 
: Electric Lighting and Power Transmission. 


CONTRACTORS TO ADMIRALTY. 


‘a GATESHEAD-ON-TYNE. 


[ENGINEERING TELEGRAPH CODE USED.] 6337 
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cCLIPs 


(METCALFE’S PATENT), 
Sawe 50 Per Cent. in Wiremen’s Time. 


SAXON ARG LAMPS, INCANDESCENT LAMPS, 


ELECTROLIERS and BRACKETS and ELECTRICAL SUPPLIES 
of every description from 


BAXENDALE & CO., 


MILLER STREET, MANCHESTER. 


BURBE 


(LATE OF BURBEY, WILLIAMSON & JOSEPH) 


AND 


TTON, 
ELECTRICAL ENGINEERS AND MANUFACTURERS. 


SWITCHBOARDS AND MAIN 


MADE TO ANY DESIGN OR SPECIFICATION. 


57c, HATTON GARDEN, LONDON, E.C. 


LORD KELVIN’S 


ELECTRIC INSTRUMENTS 


RECORDING VOLTMETERS 


AND 


AMPEREMETERS. 


These instruments have Open Scales and very Sensitive Action. They 
are Free from Frictional Errors and External Disturbances. 


LARGE DIAL VOLTMETERS AND AMPERE GAUEES 


FOR CENTRAL STATIONS. 


Dead-beat Action and Large Scale Diwisions. 


Address: 


STANDARD WATT AND AMPERE | BALANCES, ELECTROSTATIC 
VOLTMETERS, ELECTRICITY SUPPLY METERS, SWITCHBOARD 
eee PORTABLE TESTING SETS, &c. 


RECORDING VOLTMETER. oe Descriptive pst and New Price Lists Free on application to :— 


JAMES Ww HITE, 


16-20, CAMBRIDGE STREET, GLASGOW. 
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; | London Offices :— Telegraphic Address :— 
QUEEN STREET CHAMBERS, E.C. “ CONCORDANCE, LONDON.” 
Works :— Telegraphic Address : 
WOLVERHAMPTON. “ELECTRIC, WOLVERHAMPTON.” 
TH 
| 
LIMITED. 
alslilels 
| 


BUSHBURY WORKS, WOLVERHAMPTON. 


THE ELECTRIC CONSTRUCTION COMPANY undertake 
| Electrical Engineering work of every description and magnitude, their 
extensive and well equipped works affording facilities for the rapid 
execution of orders of first-class design, and quality unsurpassed by 
any other firm. 


SPECIAL DYNAMOS AND MOTORS OF EVERY CLASS. 


ALTERNATORS and CONVERTERS, COMPLETE EQUIPMENTS for TRAMWAYS, TRANSMISSION OF 
! POWER, PLATING DYNAMOS, SWITCH WORK, VOLTMETERS and AMMETERS. 


1 THE OXFORD SYSTEM OF DISTRIBUTION 
BY CONTINUOUS CURRENT TRANSFORMERS. 


IMPORTANT REDUCTION 
IN PRICES OF DYNAMOS. 


PRICES AND ESTIMATES ON APPLICATION. 


SPECIAL ATTENTION PAID TQ FOREIGN ORDERS AND ENOUIRIES. 1087 


| 
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BEST wtRE 


OVERHEAD TELEPHONE TELEGRAPH LINES 


PHOSPHOR BRONZE 
Phosphor CASTINGS, Patent Silicium 


strength and high conductivity for 
Overhead Lines, Vulcan Composite Wire, 


Sheets, &c.; Bearings, Bushes, 
and other wearing parts of Machinery, 


FOR 


OASTINGS, FORGINGS, RODS, SHEETS, AND STAMPINGS. 


The PHOSPHOR BRONZE Co., Ld.,89, Sumner St., Southwark, LONDON, S.E. 


REID BROTHERS. 


12, Wharf Road, City Road, London, N., 
TELEGRAPH AND PNEUMATIC ENGINEERS AND CONTRACTORS 


FOR THE SUPPLYING, ERECTING. LAYING DOWN AND MAINTENANCE OF OVERHEAD AND UNDERGROUND WIRES FOR 


TELEGRAPHS AND ELECTRIC LIGHTING. 


COMPLETE ELECTRIC LIGHT INSTALLATIONS. 
PNEUMATIC TUBES FOR THE TRANSMISSION OF PAPERS &c., 


FITTED WITH ENGINES AND PUMPS COMPLETE. 
REID BROS.’ “PATENT” PNEUMATIC CASH SYSTEM for the transmission of COINS, &c. 


Makers of Radcliffe’s Patent Electrical Signal-Locking Apparatus, and Patent Electrical Passenger and Guard Communication. 


CONTRACTORS TO H.M. GOVERNMENT FOR SUBMARINE MINING APPARATUS AND ALL ELECTRICAL 
TESTING AND TELEGRAPH INSTRUMENTS. 
Manufacturers of Submarine Cables, Wire, Iron Poles, Instruments, Batteries, Insulators, and Stores of every Description. «ss: 


ROYCE 


CORD GRIP HOLDER in the MARKET, 


May be obtained from 


| F. H. ROYCE & CO., Ltd.,204™ MANCHESTER; or 
PLAIN HOLDER, PRITCHETTS & GOLD, on | 
SHADE RING HOLDER, 


with 3, 4 or §-in. Nipple or = 
Cord Grip. Price Lists and Terms on application. Nipple * rr Grip. 


is. Sp. LARGE STOCK IN LONDON AND MANCHESTER. 2223. Ew. 


Less Trade Discount. Less Trade Discount. 


w. 

; Bronze Wire, Rods, rk ae Wire of great tensile 

2 
Anti-Friction Metals strong as Steel, with higher 
2 

BULLS METAL, > 
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TO ADVERTISEMENTS. 


The names of Advertisers, whose announcements are ordered for a series, are entered under any one Heading in this Inde free o charge, 
but if repeated under other headings, Gd. per week is charged for each additional entry. 


Accumulators. 
Charging ... Sup. 
Chloride Elec. Storage Synd. ove 7 
Crompton-Howell E.8.Co. .. 


Drake & Gorham ove 5 
Electrical PowerStorageCo. ... 13 
Epstein Accumulator Co. os 
Are Lamps.—F. J. Borland... Sup. 11 
Crompton & Co. Sup. 12 
International Electric Co. eee 
Japy Fréres & Co. eee 
Johnson & Phillips oes eee 1 
Koerting & Mathiesen ... nn 4 


The Electrical Compauy 
Asbestos.—United Asbestos Co. ... 


Auctioneers and Valuers 
Wheatley Kirk, Price & Goulty Sup. 


Batteries. 
R. Aylmer (Leclanché) ... ose 
Genl. Elec. Co., Ld.(G. Binswanger) Sup. 6 
India-Rubber Uo.... vee 
Johnson & Phillips ove ove 1 
Telegraph Mfg. ooo Sup. 1 
Battery Jars.—J. Bourne & Son... 15 
J. Stiff & Sons... 
Bells.—General Elec. Co., Ld. Sup. 6 
Belting.— Webb & Son 
Books.—F. C. Allsop... vee Sup. 3 
Berly’s Universal Elec. Directory 20 
Cassell & Co. moe oso Sup. 3 
“Science P sup. 8 
Whittaker & Uo. soe oes 
Boxes.—H. Nixdorff & Co. 6 
Cabinet Work.—W. M. Foxcroft . ose 3 
Carbons.— Atlas Carbon Mfg. Co. . 
English Elec. Carbon Co. ove 7 
Genl. Elec. Co., Ld. (@. Binswanger) Sup. 6 
Johnson & Phillips 1 
The Electrical Company Sup. 2 
Castings.—Phosphor Bronze Co. ... 10 
Chemicals.—G. Boor & Co.... Sup. 9 
Dynamos.—Crompton & Co. Sup. 12 
Daberkow & Ritzsch 
Greenwood & Batley... 
J. H. Holmes & Co. ove Sup. 7 
Johnson & Philli: one 1 
Laurence, Scott & Co. ... 
Newton Electrical Eng. Works .. 4 
Rosling & Matthews oe 
Ernest Scott & Mountain ae | 
The Electrical Company Sup. 2 
W. J. Wells & Co. oe Sup. 3 
Brashes. 
Boudreaux Dynamo Brush Co. Sup. 3 
Ebonite.—Harburg I. R.CombCo. Sup. 7 


D. Moseley & Sons oa 
a Engineers and Contractors. 


J. D. F. Andrews & Co. . oe 155 
Burbey, Williamson & Joseph _ 5 
Brush Electrical Engineering Uo. i2 
Callender’s Bitumen Tel. &c. Co. 6 
Clarke, Chapman & Co.... eee 7 
Crompton & Co. ... eee Sup. 12 
Drake & Gorham ., ove 5 
Electric Construction Company 9 


Elliott Bros. coo ooo Sup. 12 
J. P. Halt & Co. ... 21 
India-Rubber & Telegraph Works Co. . 
Johnson & Phillips eee ove 
Laurence, Scott & Co. ... 
Mather & Platt ... ose one 
C. A. Parsons & Co. wie ak 
Paterson & Cooper ove ee 23 
Reid Bros. ... one oo 10 
Ernest Scott & Mountain a, Oe 
Siemens Bros. & Co. ... 
Telegraph Mfg. Co. eee Sup. 1 


The Electrical Company Sup. 2 
Western Electric Company Sup. 12 
Wigston Elec. & Eng. Co... 14 


pack | Electric Licht Fittings. 


Bayley Bros. eee 
Baxendale & Co. ... a 
Benham & Froud... ooo 

Burbey, Williamson & Joseph Bup. 
G. Braulik.. ow 


y & Son ose 


8 
17 
5 
1l 
12 


Genl. Elec, Co., Ld. (@. Binswanger) Sup. 6 


D. Hulett & Co. ove eee 
A. P. Lundberg ... oon 
New Electric Lighter Co. 
Pritchett & Gold eee 
Tayler Smith Electric Co. 
The Electrical Company 
B. Verity & Sons... eco 
Waltham Electric Eng. Co. 
Engines for Electric Light. 
G. E. Belliss & Co. ove 
Browett, Lindley & Co. ... 
Marshall, Sons & Co. .... 
Matthew Paul & Co. ... 
Premier Gas Engine... 
Robinson & Auden a 
Willans & Robinson eee 
Engine Fitting:. 

W. H. Bailey & Co. dave 
Fibre.—Delaware Hard Fibre Co. 
David Moseley & Sons ... 
Mosses & Mitchell on 


Bup. 
Sup. 


Sup. 


Sup. 


Fire Insurance.—Phenix Office ... 
Sup. 


Forgings.—R. Jenkins ons 
Fuel Economiser. 

E. Green & Son, Ltd. ... 
Furnaces.—Meldrum Bros. .., 
Gas Engine Tabe.—Tube Co. 
bilass. 


General Elec. Co. (@. Binswanger) Sup. 


Incandescence Lamps. 
O. Berend & Co. ose 


Edison & Swan United E. L. Co... —_ 


The Electrical Co. . 
Gabriel & Angenault ... 


9 
3 


18 


2 
6 


Genl, Elec. Co., Ld. (a. 6 


“Hard” Incand. Lamp Co. 
International Electric Co. 
Quanonne & Co. ... ine 
Siemens & Co. ... 
Slade, Templeton & Co... 
Sturm & Co. am ooo 


Sunbeam Lamp Co. oon 
Ziirich Incan. ok Co. 
{ndia-Rubber. 


Sup. 


Sup. 


India-Rubber, G. P. & Tel. Wks. Co. 


D. Moseley & Sons 
Institutions. 


Electrical & General Eng. Col. ... 


Iasulators, &c.—Bourne & Son 
Price, Sons & Co.... one 

elegraph Mfg. Co. ose 

Iron and Steel. 


Walter Macfarlane & Co. 
Turner Bros. ove 
Ladders.—J. H. Heathman & Co. 


Sup: 


Bup. 


Lubricants.—W. H. Willcox & Co... 


Magnet Steel.—G. P. Wall 
Manofacturing Electricians. 


Allgemeine Elek. Gesellschaft Sup. 


Brush Elec. Co. 
J. Bundschuh ... 

Burbey & Hutton ove 
Dorman & Smitb .., ooo 
Elliott Bros. ove 


3 
16 


13 
20 
11 


24 


Genl. Elec. Co., Ld.ca, Binswanger) Sup. 6 


Hodges & Todd ... ove 
Laurence, Scott & Co. ... 
Nalder Bros. ooo eee 
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der & Harrison Constn. Syn. 12 
Telegraph Mfg. Co. ove Sup. 1 
The Electrical Company Sup. 2 
James White ... os one 8 
Mica.—F. Wiggins & Sons ... ove 3 
Motors. 
Cuttriss, Wallis & Co. ... ‘i 
The Electrical Company Sup. 2 
Patent Agents.—H. Gardner ie 3 
J.G. Lorrain... ons 6 
Platinum.—Derby & Co. ... Sup. 8 
Poles. 
Johnson & Phillips (wood ana Iron) 1 
Appliances. 
Dorman & Smith ... oe oe il 
Doulton & Co. Sup. § 


Genl. Elec. Co., Ld. Binewanger) 6 
J. Stiff & Sons wwe 


Porous Cells.—J. Stiff & Sens wii 


Pulleys, Shaftin 


15 
Railway Signals.—Saxby & Farmer 12 


Screws. 

Automatic Standard Screw Co. 2 

Davis & Timmins eo 2 
Stabilit.—The Electrical Co. Sup. 2 
Stampings. 

Cutting Bros. ... 7 

R. Jenkins Sup, 9 
Stoneware.—Doulton & Co... Sup. 8 

J. Stiff & Sons... 
Subways. 

Walter Macfarlane & Co. ove 
Telegraph Engineers. 

J.C. Fuller & Co. ove Sup. 4 

Johnson & Phillips ove ooo 1 

Siemens Bros. & Co. ... 

Slade, Templeton & Co. . eos 

Telegraph Mfg. Co. Sup. 1 


Telephones.—O. Berend & Co. 
enl. Elec. Co., Ld. (a. acetate 6 
Gent & Co. ss 2 
International Electric Co. 


‘Western Electric Co. ... Bup. 12 
Tenders. ane Sup. 8 
Tools, &e.—H. ‘Milnes. ove 
Tramway Su 

A.&J.M. Anderson ... 3 
Turbines.—Gilbert Gilkes & Co. ... 15 

S. Howes ... eee 15 
Typewriters.—The Caligraph ‘ie 
Vuicanite. 

Harburg 1. R. Comb Co.... Sup. 7 
Wire (Covered).— 


Connolly Bros. ove 
Felten & Guilleaume ... ove 
Fowler-Waring Cables Co. ... 

Genl. Elec. Co., Ld. (a. sented 6 
W. T. Glover & Co. 

W. T. Henley’s Telg. Works Co. 
Hooper’s Tele. & In. Rub. Wks. Sup. 9 


London Electric Wire Co. one 6 
W. Rickard oe see 
Telegraph Mfg. Co. ov Sup. 1 
The Electrical Co. Sup. 2 
A 


Wire( Uncovered). = 2 
Lanes. High Cond. Wire Co. ., 


Phosphor Bronze Co... 

Ramsden, Camm & Co. ... ae 15 

F. Smith & Co. ... ~—_ 3 
Wire Covering Machinery. 

Thos, Barraclough ove oon 

Johnson & Phillips eve = 15 
Wood Casings. 

Genl. Elec. Con (@. Binswanger) Sup. 6 

J.F. & G. Harris .. ose one 6 


MISCELLANEOUS ADVERTISEMENTS relating to Situations, Articles for Sale and Wanted, &c., ¥c., appear on Sup. 7 (middle of paper) 


CROMPTON & CO., LIMITED, szz_svr. 12. 
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FARADAY & SON'S 


ELECTRIC LIGHT FITTINGS id 


SHOWROOMS & WORKS (GREATLY EXTENDED) 


2 & 3, BERNERS STREET, W. 
Telephone 3,814 


ELECTRICAL INTERLOCKING. 


SAXBY & FARMER, Ltd. Railway Signal Contractors Oanterbury Road, KILBURN, LONDON, anode 
Manufacturers of Ratheay Signals, Onbins, Interlocking Levers, Bleck Instruments, and Signal Work of every description, Hlectrical ané Mechanical. 


ALL CANDLE-POWERS, VOLTAGES & CAPS. 


Standard Efficiences. Average Lives. 
3; watts per C.P. - - 1,500 hours. 


3 ” ” 900 


TEN YEARS’ EXPERIENCE 
AGENTS WANTED 

= SHND FOR NEW PRICE LIST TO 


49, QUEEN VICTORIA STREET, LONDON, E.C. a0 


HARRISON 


* SYNDICATE, LIMITED. 

ELECTRICAL INSTRUMENT MAKERS, &c. 

| ; HEAD OFFICES: TRAFALGAR HOUSE, CITY OFFICE: 
47, VIGTORIA 8T., NEWPORT ST.,CHARING OLD BROAD ST., 


LONDON, W.C. 


Telegrams: “LUCIMETERS, LONDON.” TELEPHONE No. 35,233. 6985 
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Railway Enginecr | STURM” INCANDESCENT LAMPS, 


THE VIENNA INCANDESCENT LAMP WORKS (Messrs. STURM & CO. 


Ap Illustrated Monthly Review of the Construction, Machinery and 1X., LIECHTENSTEINSTRASSE, 3, VIENNA. 


Administration of Railways. Lamps of any voltage, varying between 45 and 130 volts. Adapted 
to Holders of various systems. 
MONTHLY, SHILLING. 8 C.P.—3'6 and 3 watts o 
16 C.P.—3'6, 3 and watts tthe 
4 Valuable Work for Reference, illustrated with 25 C.P.—3°6, 3 and 2°5 watts ae ae 
32 C.P.—3°25 and watts 
LARGE WORKING DRAWINGS | 506.325 and watts 2s. Od. 
Of Locomotives and Btock ; Bridges and all Average Burning 060 hours; ats atte, 600 hours : 
7 MINIATURE LAMPS OF ALL — FROM 2-—4 VOLTS. ACCUMULATOR LAMPS 


ANWNUAL SUBSCRIPTIONS, IN POSTAL UNION, l4s. FROM 6—20 VOLTS. 
(Payable tn Advance, including Postage.) Specimen Copy Post Free, is. 


“Sole Agent for England :— 


OFFICES :—8, CATHERINE ST., STRAND, LoNDon, wc. PDULIOS MAIER, Ph.D., 
20, BUCKLERSBURY, E.C. 7467 


CONNOLLY BROTHERS, 


BLACKLEY VALE MILLS, BLACKLEY, MANCHESTER, 


Electrical Engineers and Manufacturers of Every Description of Insulating 
Materials and 


INSULATED WIRES AND CABLES. 


SPECIALITIES: 
VULCANISED INDIA-RUBBER COVERED CABLES AND MAINS, VULCANISED INDIA-RUBBER COVERED WIRES AND 
FLEXIBLES, INSULATING TAPES AND JOINTING MATERIALS, FINE BRAIDED DYNAMO WIRE. 
We carry out every process from the raw materials on our premises. 
WE GUARANTEE, when requested, the Efficiency of our Cables for a long term of years. 
SEND FOR PRICE LISTS. 


Telegrams: “CONNOLLYS, BLACKLEY.” Telephone No. 2,861, Nearest Railway Station, “CRUMPSALL,” L.Y.R., Manchester and Bury Line, 6881 


MECHANICAL, 
DURABLE, 


And are the outcome of 


YEARS’ EXPERIENCE AND IMPROVEMENT. 


MOST EASILY ERECTED, 
LOWEST FIRST COST, 
LOWEST MAINTENANCE RATE. 


With Effective and Yaluable Guarantees. 


CHEAP. 


| 
| 
\ 
BD. 
| 
4, GT. WINCHESTER STREET, E.C. 
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THE WIGSTON AND 


(Successors to Latimer Clark, Muirhead & Co., Ltd.), 
ELECTRICAL AND GENERAL 


ENGINEERS AND CONTRACTORS. 


= 


MANUFACTURERS OF THE 


Dynamos Motors, 


SEARCH LIGHT PROJECTORS (Admiralty and other patterns), 
ELECTRICAL TESTING & MEASURING INSTRUMENTS, 


TELEGRAPH INSTRUMENTS AND STORES. 


Contractors for 


™elegraph & Telephone Lines, 
SHIP LIGHTING and all other INSTALLATIONS of ELECTRIC LIGHT and POWER, 


Electric Tramways and Railways, 


CENTRAL STATION PLANTS. 


General Engineering Work of all descriptions. 


Registered Offices:-29, REGENCY STREET, WESTMINSTER. 
Branch Offices:—12, MARKET STREET, LEICESTER. 


Works:—-WESTMINSTER and SOUTH WIGSTON. 


General Manager : Consulting Electrician 3 
F. THORNTON. | F. V. ANDERSEN. 
Telegraphic Address:—‘ REGENCY, LONDON.” 1969 


; 
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FIBRE. 


JOSEPH BOURNE & SON, 


MANUFACTURERS OF 


INSULATORS, BATTERY JARS, &c., in the well-known Denby Vitreous Stoneware, | 


For half a elie these manufactures aes been celebrated for a high degree of vitrefraction combined 
with great toughness and strength. 


SEND FOR NEW ILLUSTRATED PRICE LIST. 7483 
Works: DENBY POTTERY, near DERBY. 


nd Warehouse. NEW ST. PANCRAS STATION, EUSTON ROAD, N.W. 


OTICE IS HEREBY GIVEN that every supplier and user of any Joint for Concentric Wiring, re 
volving the use of molten metal, which is covered by J. D. FK. ANDREWS’S PATENTS, WITHOUT 
LICENSE, renders himself responsible for such unlawful supply or use, and the consequences 

thereof. For particulars of License, or Trade Terms, apply to J. D. F. ANDREWS & ave 
MARSHAM STREET ELECTRIC WORKS, WESTMINSTER, 8.W. 


ELECTRIC WIRE JOHNSON & PHILLIPS, 


Union Court, Old Broad 8&t., E.C., and Kent. 


E 2p | MAKERS of the most modern machines for 
a | CABLE MAKING. CABLE LAYING. 
| STRANDING. BRAIDING. 
S2 TAPING. WINDING. 
COMPOUNDING. LAPPING. 
| RUBBER. SILK & COTTON COVERING 


free. 


Mahogany and Timber Importers, Importers of School Board Flooring Blocks, Figured 
Wainscot Floorings, and Manufacturers of High-Clase Mouldings in all woods. 
Head Offices: 50, KING WILLIAM ST., E.C, (* 4” Monument) 


‘Wat branch PULLEYS, SHARTING, FRICTION CLUTCHES. 


OUICK DELIVERY. LOW PRICES. 


Send for A ag Book of Useful Rules for Transmission of Power 
BAILEY ’S by Wheels, Ropes, Shafts and Belts, Free, T'wo Stamps. 


GYR O WM E TE R J. BAGSHAW & SONS, Ltda., 


Willawrights and Jronfounders, 


BATLEY, YWOREKSHIRB. 
OR SIGHT-SPEED INDICATOR. } ALSO STRUCTURAL IRONWORK OF ALL KINDS. 7442 
MADE WITH WE ALSO MAKE 
THREE RANGES 
OF SPEED. 


OTHER READINGS. This class of Turbine has been 

—- supplied for electrical purposes 
to the Duke of Northumberland, 
the Duke of Argyle, the Duke of 
Montrose, Lord Armstrong, Lord 
Windsor, Lord Abinger, and 
many others. 


Pamphlets, ent Estimates on 
application, 


GILBERT GILKES & Co, 
FENDAL. 


Sole Makers of Murray's Patent Turbine Governor, 


RAMSDEN, CAMM & CO., Lip. 


No. 1.—From 60 
to 300 revs. per min. 
No. 2.—From 120 
rom 
to 1,000 revs. per SPECIAL 
minute. aad LISTS, 
This Instrument shows at a Gane. and without the slightest calcula- 
tion, the exact speed at which an engine is running. We have made many 
hundreds of these instruments for the oe for Electric Light Engines. 


W. H. BAILEY & Co., Ld., 


ALBION WoRES 
SALEORD, MANCHESTER. 4 


TURBINE, 


SEE J = 


BRIGHOUSH. YORESHIRE. 
Bron and Steel Wire Drawers and Galvantjers. 


MANUFACTUBBRES OF 


TELEGRAPH, TELEPHONE AND CABLE WIRE, 


Ree Contractors to H.M. Postma: ter-General, the Indian and Colonial Governments and ieacing Railway Companies 
SPECIA CITIES :—FINE SIZES OF H.C. COPPER, GERMAN SILVER, 4c., WIRES. 


TURBINES. 


99 ©With any fall 
Water Power, and upwards 


ss. 
4) Contractor to A.M. Government, also to the Russian, French, Turkish, Egyptian, Indian & Cape Governments, 


64, Mark Lane, London, E.C. 
TELEGRAMS :—“ BARBEAU, LONDON.” Catalogues Free. mio 
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SIEMENS 


LIMITED, 


MANUFACTURERS OF 
Submarine, Subterranean, Aerial, Torpedo, Lead-covered and Special Concentric Cables, 
and India-Rubber and Gutta-Percha-covered Cables and Wires for Telegraph, 
Telephone, and Electric Light Work. 


MATERIALS FOR OVERGROUND LINES, IRON TELEGRAPH POSTS INSULATORS 
INSTRUMENTS, BATTERIES, ELECTRIC MINE EXPLODERS 


TORPEDOES, TORPEDO APPARATUS, 
POLICE, FIRE AND RAILWAY SIGNALS AND BLOCK APPARATUS, 


DYNAMOS ALTERNATORS, 


TRANSFORMERS, 


ELECTRIC LAMPS, CARBONS, AMMETERS, VOLTMETERS, &, 


ELEGTRIO AND WATER PYROMETERS, ELECTRO-DEPOSITING APPARATUS, TELEGRAPH AND ELECTRIOAL APPARATUS OF ALL KINDS. 
CLEANED GUTTA-PERCHA FOR ELECTROTYPING AND OTHER PURPOSES. 


CONTRACTORS FOR | 
Laying Submarine Cables, the erection of Land Lines, the establishment of Telegraphic 
communication generally. 


SHIP-LIGHTING & ALL OTHER INSTALLATIONS OF ELECTRIC LIGHT & POWER 


ELECTRIC RAILWAYS and TRAMWAYS, and other applications of the 
Transmission of Power by Electricity, and the establishment of 


CENTRAL STATIONS 


For the supply of ELECTRICITY by Continuous or Alternate Currents of high or low tension. 
SOLE MANUFACTURERS IN ENGLAND OF HELLESEN’S DRY BATTERIES. 
AGENTS FOR “ SIEMENS” GLOW LAMPS. 


OFFICHS: 
London: 12, QUEEN ANNE’S GATE, WESTMINSTER, S.W. 


Newcastle: 15, VICTORIA BLDGS., GRAINGER ST. WEST. 
Glasgow: 261, WEST GEORGE STREET. , 


Melbourne: 54, MARKET STREET. 
Works:—-WOOLWICH, KENT. 
Oable Address : “ SIEMENS, LONDON.” Codes: A.B.O., Al, Engineering. 
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MADE AT THESE WORKS ( 


JAPY FRERES & CO., 


Central Establishment: BEAUCOURT (HAUT-RHIN FRANCAIS). 
75 & 76a, VICTORIA STREET, E.C. 


London Office and Showrooms: 


ARC LAMPS. 


Differential, Fixed Focus, for Continuous and Alternating Currents. Large Pattern, 10 to 25 ampéres; Small Pattern, 3 to 10 
amperes ; Midget, 1:5 to 3 ampéres. The cheapest, most improved, and the most used of all Arc Lamps. 
It is the only Lamp which will burn on a 1°5 ‘ampéres current. 
&. RESISTANCES, CHOKING 


VARIOUS OUTSIDE APPARATUS FOR WORKSHOPS, FACTORIES, DRAWING ROOMS, SHOPS, DOCKS, 
COILS, COMMUTATORS, TRANSFORMERS, 


HOLDERS FOR INCANDESCENT LAMPS. 


Lamps Sockets in variety, Switches of all kinds, Cut-Outs, Ceiling Roses, Wall Plugs, Brackets, Chandeliers, Portable Lamps 
for Workshops, Offices, &c. Carbons of special make. Complete Sets of Apparatus for Distribution. 
DEFYING AL COMPETITION. 


STRONG AND WELL FINISHED MAKE, 
TERMS AND PRICE LISTS ON APPLICATION. aes 


THE “MELDRUM” 
PATENT 


FIRES FORCED 


AS APPLIED TO 
ELECTRIC 
LIGHT CENTRAL RETARDED AT WILL 
STATIONS PERFECT CONTROL. 
EASY CLINKERING. 


ANTHRACITE 
Or any Coal readily burnt. 


2,300 


In London, Glasgow, 
Dablin, Bolton, Stafford 
Newport, &c., &c. 
ALSO 
Willans & Robinson’s, 
&c., &e. 


INSTALLATIONS. 


MELDRUM BROS., 


16, UNION COURT, OLD BROAD STREET, LONDON, E.C., 


ATLANTIC WORKS, CITY ROAD, 


And 5 EAST PARADE, LEEDS. 
Telegrams; “MELDRUM, MANCHESTER, LONDON, LEEDS.” 7 
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INCANDESCENT LAMP 


“YTTRIUM, LONDON.” 
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Telegraphic Address: 
THE “DAYLIGHT” 
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TAYLER SMITH ELECTRIC CO" 


ART METAL WORKERS. 
SPRING DROPS, REEL LAMPS, AND OTHER FITTINGS. 


53, SOUTH MOLTON STREET, LONDON. | 


DABERKOW & ROTZSCH, 


LEIPZIG. 
MaNUFACTURERS. 


Prospectuses, Price Lists, and Special Designs gratis on appli- 
cation to our Sole Representative— 


ALBERT YVANDAM, 39, Victoria Street, 8.W., 


3 BLECTRICAL BNGINEERS, 
TRAFALGAR WORKS, BRADFORD, YORKSHIRE. 


MANUFACTURERS OF 


DYNAMOS MOTORS, 


THE CHEAPEST AND BEST FINISHED MACHINES IN THE MARKET. 
FOUR GOLD MEDALS AWARDED. 
SPECIAL TERMS TO THE TRADE. SEVERAL MACHINES READY FOR DELIVERY, 


Geo. P. WALL, MAGNETO works, Sheffield. 


STEEL anp STEEL WIRE: Specialities in Material for the Watch, Clock, and Instrumental Trades. 
MAGNET STEEL of wery Superior Quality. 


FINISHED MAGNETS of the Highest Practical Efficiency. Very powerful. 


SWEDISH IRON absolutely pure for electrical purposes. 


Tool Steel: BRIGHT COLD ROLLED STEEL of all gauges. 
BINDING WIRE polished and plated. 
MUSIC WIRE for fittings or springs, polished and plated. 
TEMPBHRED STEELS BRIGHT OR BRONZE. 
Helical Springs for TELEGRAPH and CLOCK-WORK. Spiral and Flat Springs to all Patterns and 
Shapes, and numerous other Specialities. e900 


ELECTRICAL REVIEW. 


Published every FRIDAY. Price 4d. Office: 22 PATERNOSTER ROW LONDON. 


TO BE OBTAINED BY ORDER FROM ANY NEWSAGENT IN TOWN OR COUNTRY. 


NOTICE TO ADVERTISERS. 
The following are the latest times up to which Advertisements can be received for 
publication in current week’s issue :— 
New Advertisements, or Alterations to existing ones, Wednesday 2 p.m. 
Small Announcements for middle pages Thursday 2 p.m. 
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FITTINGS 
in 
wRouGaT 
Rox 
and 


BRASS. 


DESIGN 
TO 
ORDER. 


N° 242137. 


ALL WOLTAGES. 


The Waltham Electrical | 


Engineering Co., Any Candle-power fom 8 to 2,000. 
CHAPEL PLACE WORKS, WESTMINSTER | Lhe SUNBEAM LAMP CO., Ltd., 
GATESHEAD-ON-TYNE. 


London Office: 50, FENCHURCH STREET, E.C. 
SEND FOR NEW LISTS. 


(Back of St. James’ Park Station). 


UNIVERSAL ELECTRICAL DIRECTORY 


(Late J. A. BERLY’S), 


NEW EDITION, 1895, 


NOW PREPARATION. 


Advertisements, fresh information, and corrections 


should be sent in without delay. 


LONDON 


H. ALABASTER, GATEHOUSE & CO., 


22, PATERNOSTER ROW, E.C. 


ANY = | 
= |> = 
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Telegraphic-Address: “E&8CO, NEWCASTLE-ON-TYNE.” 


ERNEST SCOTT & MOUNTAIN, Lro, 


Electrical & General Engineers & Brass Founders, a 
CLOSE WORKS, NEWCASTLE-ON-TYNE. Plant, 
CONTRACTORS TO ADMIRALTY, WAR OFFICE, INDIA OFF-CE, &. Piimited. 


SOLE MANUFACTURERS OF 


Mos, 


Motors, Alternators, Arc Lamps, Combined Engines and Dynamos, 
Combined Electric and Motors. 


ELEOTRIC LIGHT INSTALLATIONS. for Mills, 
Factories, Ships, Public Buildings, Mansicns, Collieries, &c. 
ELECTIC PUMPING and HAULAGE PLANTS, 


‘or Cullierier, "ke. 
ELECTRIC COAL CUTTING, &c., &c. 


ELECTRIC LIGHT ENGINES, for Driving Dynamos 
And other Machinery for High-Speed Work. 


= 


COPIES OF OUR COMPLETE CATALOGUE OF ELECTRIC LIGHT MACHINERY, -™ 
CAN BE OBTAINED ON APPLICATION. 


MARSHALL, SONS & CO., Lrp. 


BRITANNIA IRONWORKS, GAINSBOROUGH, ENGLAND. 


London Offices, Show Rooms, and Stores: MARSHALI’S BUILDINGS, 79, FARRINGDON ROAD, E.C. 
Telegraphic Address: ‘“‘MARSHALLS, GAINSBOROUGH.” Telegraphic Address: “ ENGINE, LONDON.” 


Newly Designed 
QUICK SPEED HORIZONTAL ENGINES 


FIXED ENGINES, 
With Loco. Boilers. NEWLY DESIGNED PORTABLE & SEMI-PORTABLE ENGINES. 
VERTICAL ENGINES. 


Newly Designed 
VERTICAL ENGINES AND BOILERS. 


| | 
Engines specially HIGH-CLASS 


equipped for ¢riving — 
HIGH-CLASS HORIZONTAL ENGINES ELECTRIC LIGHT | 24, OOO ENGINES: | BOILERS 


MACHINERY. | MADE AND SUPPLIED. | OF ALL KINDS. 


Sole Licensees 
in England, Wales, and Ireland § 
for Proell’s Valve Gear. 


, NEWLY DESIGNED VERTICAL ENGINES 
With Loco. Boilers, 


COUPLED COMPOUND ENGINES TANDEM COMPOUND ENGINES 


WITH PROELL’S VALYE GEAR, WITH PROELL’S VALVE GEAR, 
Up to 500 ALP. ‘Up to 500 H.P. 
HIGH-CLASS CONDENSING ENGINES  IN'-E3.—Portable Engines and Boilers let out ON HIRE from our 
With Proell's Gear. LON DON DEPOT. LOCO. MULTITUBULAR BOILERS. 


NEW CATALOGUES WITH LATEST ILLUSTRATIONS AND CURRENT PRICES FREE ON APPLICATION. 17443 


Telegrams: “DYNANO,” 


BLACKRIDINGS IRON WORKS, ines M OT ORS 


GENERAL & ELECTRICAL ENGINEERS. OF ALL SIZES, FOR ALL PURPOSES. 


7146 


Vy, 


34, YORK ROAD KING'S ‘CROSS N. 
_28, HATTON "GARDEN, E.C. 


INVENTIONS, 1885. EDINBURGH, 1890. 


BRITISH ASSOCIATION STANDARD THREADS 
ALL THESE GOODS ARE SHOWN IN FULL SIZE AND KEPT IN STCOK. 


378 379 380 383 384 385 386 
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PATERSON 


MAKERS OF 


DIRECT DRIVING SETS. 

«»YYNAMOS, MOTORS. & 

§ Search Light Projectors. 
ARC LAMPS 


For DIRECT or ALTERNATING CURRENT. 


INSTRUMENTS, 
SWITCHES SWITCHBOARDS AND FITTINGS. 


AGENTS FOR Messrs. RICHARD FRERES’ ELECTRICAL 
RECORDING INSTRUMENTS, &c 


DYNAMOS WITH NO EXTERNAL FIELD 
In accordance with latest Admiralty requirements, 


Ships’ Compasses and Chronometers are not affected by 
these machines. 


CONTRACTORS TO HM. ADMIRALTY AND 


WAR OFFICE. 
Pownall Road, DALSTON, LONDON. 
Samet te: 4. 68, Victoria Street, WESTMINSTER. 137, West Regent Street, GLASGOW, 
Loa Maritime Buildings, DUNDEE. 6, Brown Street, MANCHESTER, 


ALBION WORKS, LHHDS.- 


GREENWOOD & BATLEY, 


DYNAMOS, 
MOTORS, 
ENGINES, 
MACHINE TOOLS. 


16, GREAT GEORGE STREET, WESTMINSTER, S.W. 


Contractors 
to 
H.W’S. WAR OFFICE, 
ADMIRALTY, 
INDIAN GOVERNMENT, 
&c., 7235 


Keondonm Office : 


TELEPHONE No. 11,662. Telegraphic Address:—‘ ALCHEMIST, LONDON.” 


EPSTEIN ACCUMULATORS 


PRESENT AW 


UNBROKEN RECORD SUCCESS 


Unequalied in Mechanical Strength and Electrical Efficiency. 


‘PRICES REDUCED. IMPORTANT IMPROVEMENTS. 


MAINTE. ANCE RATES. 


Address :— 


EPSTEIN ELECTRIC ACCUMULATOR CO., Ltd, 


215, GRESHAM HOUSE, OLD BROAD STREET, LONDON, E.C. 


‘ 
4 PING | 
4 
4d, 
‘ 
_ ij 
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UNDERGROUND 


ELECTRIC LIGHT 


COST OF MAINTENANCE 


THAN PER CENT 


EXTRACT FROM THE REPORT OF THE METROPOLITAN 
ELECTRIC SUPPLY COMPANY, LONDON, | 


Where SILVERTOWN CABLES have been in use for over 4 years :— 


MAINS.—Total of expenditure, 
including laying - - 

REPAIRS, maintenance and re- 
newals of mains of all classes, | 
including materials nae laying, 


£141,639 O 8 


J forls93 - £26 15.8 
SILVERTIOWN CABLES 
ry Are in use in 


LONDON, PARIS, BRUSSELS, MADRID, BARCELONA, TOURS, — 
St. ETIENNE, TROYES, HAVRE, ROUEN, MONTPELLIER, 
DUBLIN, OXFORD, CAMBRIDGE, GLASGOW, DUNDEE, 
MANCHESTER, LEEDS, CARDIFF, BURTON-ON-TRENT, 
NEWCASTLE-ON-TYNE, HASTINGS, EASTBOURNE, 
BOURNEMOUTH, WOKING SCARBOROUGH, BLACKPOOL, 


HUDDERSFIELD, &c., &c. 


For Price Lists and Particulars apply to the 


WORKS COMPANY, LIMITED, 


Head Offices: 106, CANNON ST., LONDON, EC. 


Works: SILVERTOWN, LONDON, E., ENGLAND. 
PERSAN-BEAUMONT, FRANCE. 


Printed by EB, Kmeur, 18 and 19, Middle Street, B.C., and Published by the Proprietors, H, AussssTar, GatEHousE & Co., at 22, Paternoster Row, London 
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